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リモートセンシングによる全アジアの砂漠化調査とその数値地図化  
研究の概要  
現在、砂漠化が進行している可能性があると言われているが、その実態は明らかでない。本研究は、  
NOAAAVHRRデータの時系列処理、既存主題図、現地調査の統合解析により全アジア砂漠化数値地  
図を作成することを目的とする。  
本調査研究は、次の内容を含む。  
（1）砂漠化の原因および度合いによる分類システムを構築した。  
（2）NOAAAVHRRデータを用いたアジア全域の土地被覆囲および正規化植生指標（Normalized  
Di鮎renceVbgetationIndex：NrNI）図を作成し、砂漠化判読の資料とした。  
（3）中央アジア（カザフスタン、ウズベキスタン、トルクメニスタン）の砂漠、半砂漠地域の現地  
調査を行った。  
（4）衛星データからの資料、既存の主題図、現地調査の情報を統合して、全アジアの砂漠化の原因  
および度合いを示す砂漠化地図およびその数値地図を作成した。  
現地調査：1998年4月23日～5月9日  
カザフスタン・アルマティからトルクメニスタン・アシカバッドまで  
次ページExpeditionRouteMap参照   
研究成果：  
（1）砂漠化分類体系の構築  
本文1．1CriteriaofDesertificationassessment（pp．2～8）参照  
（2）アジアの乾燥地における砂漠化状況の記述  
本文Chapterl～Chapyer6（pp．13－71）参照  
（3）全アジア砂漠化図の作成  
添付地図あるいは口絵Rgwe7．2参照  
（4）全アジア砂漠化数値地図  
添付フロツピ←参照  
（砂漠化に関する本研究は国際的に関心が高いため、本報告書は英語により表記する。）   
????
1 一声lし  
?????????｝????↑????????．???????
??????????????? ?????
???ー??????）????
?、??…??????
?…??????????
???????【?
????
????????
Submountainplain  
submountainsemidese几  
serozem soil 
dominantnaturalvegetation  
lArtemisiaheptopetamica  
2Stipacapillata  
3Poabulbosa＜ephemeroidsinKEPclassification41   
PO316：22Apri126  
KEPclassification41  
Northside：fa110Wland  
S¢rOZemSOil  
Artemisiaserotin  
Southside：Wheat   
PO419：23Apri126  
Bothside  
fallowl打出  
Serozemsoil  
PO5  
lstcamplngplace，Apri126－27  
StereOtypeSubmountainsemidesert  
warmerandmoreprecipitationthanthepreviouspoints  
near Almaty 
typicalserozemsoil  
agricultural landscape 
grazlngPaSture，OVergraZlng  
－fromendApriltoearlyMay  
gr¢eneStSeaSOninay銭汀  
Carexpachystylis 70－80％greencoverage，become  
yellowinsummer  
－Summer  
Cousinia，heightaboutlm（photobyGPScamera，PJG）  
Alhagipsludoalhagi・  
Verbascum  
Artemisiaserotina  
＿払11  
manrmadefireonyellowgrassforbettergrassnextyear   
PO614：50Apri127lunch  
Submountainsemidesert  
OnsandySerozemsoil（Serozem：atypeOfclay）－SOil  
Samplel   
Shrub  
Psammophyticshrubs  
ICalligonum   
2Dendrostellera   
3Amm∝lendron  
greenest＄eaSOnOfshrubisfromendMaytoearlyJune  
Annual grass 
Ephemeroids  
I Poabulbosa 
greenestseasonofgrassisnow，endApril   
Expeditiom   
Period：fromApri123toMay9，1998   
Participants   
Kazakhstan  
InstituteofBotanyandPhytointroduction  
NataliaP．Ogar  
EkaterinaIvanovnaRachkovskaya  
YuryGrigor’evichEstifbev  
SayatTbmirbekov  
BorisGeldyyev  
GrigoryIvanOVichSevostlyanov  
AlexanderIbragimovich（Sasha）   
Uzbekistan  
hboratoryofGeobotany，InstituteofBotanyofUzbek，  
AcademyofScience  
N如廟血Akりi由tova  
Ugulshat   
Turkmenistan  
BotanicalInstituteandCentralBotanicalGardenofthe  
TurkmenistanAcademyofSciences  
D血umamuradKu血nov  
Japan  
CenterfbrEnvironmentalRemot Senslng，Ch ba  
University  
RyutaroThteishi  
ParkJongGeoI  
KetutWikantika  
YuKurosawa  
RoⅦte：  
fromAlmaty ofKazakhstantOAshabadofTurkmenistan  
Citiesontheroute：  
Almaty，Dzhambul，Chimkent，  
Thshkent，Syrdarya，Dzhizak， amarkand，Bukhara，  
Chardzhou，Mary，恥dzhen，Ashkh bad   
Formoreexactroute，please鎖ndtheRoutemapofthe  
expedition   
ObservationpointN■0∴ Pxx   
P01 Apri126 
SChoolnearOgar－sapartmenthouse  
StartOftheexpedition   
PO215：14Apri126（＋7hoursfromUTC）   
bothsidewheat  
P1317：54Apri128  
Eremurus（Withflower，height：Waist，photobyG）  
EpemerOid（photobyG）Poabulbosa  
Phlomisthapsoides（photobyG）  
SurrOundedbyagricaltural1amd  
mostly wheat 
Partlygrape，alphalpha，barley，Waterrneloninbare  
groundatpresent，pOtatOandtomato   
P14  
3rdcamplngplace，Apri128－29  
れeartOP13  
SurrOundedbyagdculturalneld  
Redflower：Roemeriahibrida   
14：13Apri129appletrees（PhotobyK）  
nearrIbshkent  
alongtheroadfromThshkenttothesouth－WeStdirection  
mainagricultureiscotton  
PlantedbeginormiddleApril（insouthUzbekistan，  
PlantedinendMarch）  
g陀eninJuly  
Wheatismoregreeninthisseason（CndApril）than  
Kazakhs伽  
becomeyellowinendJune   
P15  
4thstayathotel，Apri129－30  
（＋5hoursfromUTC，Uzbekistanhastwohoursdiffb陀nCe  
fromKazakhstan）  
HotelSyr叫a   
P1614：02Apri）30  
NE wheat 
SW appleandapricot，CanSeethemountain  
lightSero2：emSOil   
P1714：20Apri130  
bothsidenaturalpasture  
OVergraZlng   
P1817：24Apri130  
acrossthemountain  
P191unchplaceneartheRegistanHote1  
5thstay，athotel，Apri130－Mayl  
Registan Hotel 
36MustaklicStn  
Samarkand703000  
P2015：20May2  
betweenSamarkandandBukhaJa  
Oldfa1lowland maybe30yearsago  
submountain semi desert 
PO717：33Apri127  
Eastsideofthertd  
AIphalphabranimal－sた通  
Channelforirrigation   
PO818：02Apri127  
northsideofthem虻I  
fallowlandnearthe血  
Cultivatedbaregroundandwheatfieldatfartherplace什om  
theI血  
SOuthsideofthe伯山  
fallowl訂Id  
mountainatfartherplace   
PO9  
2ndcamplngPlace，Apri127－28  
0netyPeOfmountainvegetationinmiddleAsia  
grassland  
Ephemeroid  
Forbs  
lO－15％shrub  
lO％rock  
greenestseasonisendApriltobeginnlngOfJune  
mountaingreybrownsoil   
PlOll：25Apri128  
bothsidewheat  
SOuthdirec也on KhrebetlもIasskiyAla u   
Pll13：00Apri128  
NNWdirectionfromthercd  
fromfhrthestplacc  
grass，baresoil，fa1lowland，Wheat  
naturaltreesonhills  
dad（greybrownmountainsoil  
g托鵜Sland  
Ephemeroidandhemi－ePhemeroid（whichhaslongergreen  
匹d（通）  
greenperiodisfromApriltoJune  
Shrubwereremovedbymen  
Wheat  
Seedinginfall，greenPeriodfromApriltoMay，tXCOme  
yellowinJune，andharveStinJuly   
P1215：50Apd128  
fallowland，Plowedbareground，Wheatinlightgreen  
usualSerozemsoil  
grasslandwithnaturalgrass，Ephemeroid  
dominantPoaBulbosa，green  
manytallforbs，keepgreeninsummer  
greenseasonfromendApriltomidJune，nOtSOgreenin  
July  
KEPclassificationNo．：29  
ワニ貫1句  
4000－4500degannualsumoftemperature（Cf．3000－  
3500deginK誠akhぬn）  
precipitation170－190mm／year   
P2615：00May5  
Repeteck reservation 
neararailwaystation  
Sanddeserthere（Cf．stonedesertatGobi）  
SeVeralhundredcamelsperfamilyfbrmeat，milk，WOOI   
P2717：03May5  
Karakum desert 
shrub 
Psammophytic shribs 
1 Saxaul 
2CalligonumerioFXIa  
3Calligonumsetosum  
4Salsolarichted  
grass 
Carex Physodes 
S10peShavemoregrass，butothershavelessgrass   
P28  
10thstayMay5－6  
Karakum desert 
OpenShrublandwithSaxaul  
annualplant，ねね  
Ephemeroid，Carex  
Sandysoilwithmanyparticlesofdust（Smallparticleof  
Clay）－SOilsample5   
P2911：45May6  
Psammophyticshrubs   
Saxaul   
difftrentspeCleSOfC？lligonum  
Salsola Richteri 
Ephemeroid  
Carexphys（カes  
Ephemers：annualplant  
grazing territory 
Sandysoilincludingmoreloam（akindofclay）   
P3013：19May6  
irrigatedwheatneldbyKarakumKanalfrom19610r62  
maincropofthisarea  
1 cotton 
2wheat（afterindependenceofTrukmenistan，the  
governmentencouragesproductinofgraincrops）  
harveStingmidMay  
3melon（butincludingNitrogenfertilizer）   
P3116：49  
submountain plain 
Ehemeroid，Poabulbosa  
nowyel］ow（greeninApril）   
lightSerozemsoil  
Poabulbosa greenonlyinAprill 
Artemisia（akindofsemishrub）ando hersemishrub畠  
greygreenfromApriltoJuly，browngreeninAugust   
P21  
7thstayMay2－3  
i血gation  
submountain plain 
（Submountain：SOiltypeisalwaysSerozem）  
redSero2：em（red：add）  
Ephemeroid－graSS  
Artemisia－Semishrub   
P2211：08May3  
0nlyArtemisia30％coverage  
greybrowndesertsoil（notSerosem）－SOil ample2  
truesouthdesert  
notsubmountaintype  
noPoabulbosa  
mainArtemisia：Artemisiaturanica  
anotherArtemisia：Artemisiadiffusa  
greygreenfromApriltoSeptember   
12：06May3  
Saltlake（photobyK）   
P23  
8ths叫May3－4  
typicalsouthdesertonsandysoil－SOilsample3  
thinsandmixedwithdust（Smal1particleofclay）  
lowerlayerisclay  
dominant：Shrub：Saxaul，eVergreenbutg eenfromMarch  
to November 
SOme：Semishrub：Astrogalus  
little：graSS：Carexphysodes  
”openshrublandl’inEkaterina－sme   
P24  
9thstayatahotel，May4－5  
GuestHouseKarakum，Chardzhou   
P25 MayS 
Karakum（blacksand）desert cf．karakul（blacklake）  
Uzbek language 
typicalsandydesert－SOilsample4  
0PenShrublandonsand  
Shrub  
lAcacia＝Ammodendron  
2 Saxaul 
3Calligonumeri0印血  
4EphedraStrobilaceae  
greenfromendMarchtoNovember  
butinhotsummer，SOmeleavesstarttofalld wn  
maximumtemperature52degrt3e  
salinitysemishrub，annualsaltwortonsaltysoil  
keepgreenuntilJuly，butsmallcoverage  
SalinitySerozemsoil  
salinitycomesoutonbaregroundlikeroadduetohigh  
temperature  
depositinmountaininIransideincludessalinitydueto  
ancientocean，andsaltywatercomesfromthismountain   
P32  
11thstay，M町ふ7  
nearKaakhka，nearthetx）rderto  
SubmountainaridEphemeroidgrassland  
Withperrenialbigfbrb  
OnuSualSerozem－SOilsamPle5  
EphemeIdd：  
Poa bulbosa 
Carexphy血血  
Carex pachystilis 
greenestfromendMarchtoearlyApri1  
yellowinmidApril  
匹rreniaHbrb：  
Cousimiacongesta（withthom）  
Astragalusturcomanicus（WithwhitenoweT）  
many且owersattheendofMay  
nowgreen，andyellowinJune   
P3310：43May7  
SaIinity  
frommountaindeposite  
accumulatingsalinityatsamllhillsinKarakumdesert  
irrigationincreasethiseffbctofsalinity  
Salinityeveninnaturalcondition，butitispromotedby  
irdgadon  
kanalirrigationincreasesSalonchakterritoty  
Windwithsaltisdangerousforsurroundingagnculture   
P3411：59May7  
almostPoabulbosa  
肋IepkmtedSaxaul（WbiteSaxaul）   
Date：4pr～J2ろJタタβ  
Obs6Ⅳationpoint：4  
bndcovertypβ：  
乃αr混用Jgr（‡∫血〝d  
Date：4pわ‡2昂Jタタβ  
ObseⅣ如ionpoht：タ  
Landcovertype：Cultivated  
αreα   
Date：4prよJ2ろブタタβ  
Observationpoint：11  
Landcovertype：reSideniial  
Date：4pr～J2β，了タタβ  
Observationpoint：11  
Land covertype：  
αreα  
Date：〟αγ之Jタタβ  
Observationpoint：19  
Landcovertype：little  
Vegefα血〝   
Date：〟即2，Jタタβ  
Observationpoint：19  
Lmdcovertype：Semi－desert  
αreα  
Date：〟即j，Jタタβ  
Observationpoint：21  
Land cover type：  
川侶11〃I・lJl〃1・′J  
Date：〟の′j，ヱタタβ  
Observationpoint：21  
Landcovertype：   
Date：〟叩らJタタβ  
Observationpoint：31  
I．andcovertype：Plantedtree   
Date：〟知ろJタタβ  
Observationpoint：32  
Landcovertype：Wheat  
Date：〟り′ろヱタタβ  
Observationpoint：33  
Landcovertype：SalonchaK  
Date：〟即ろブタタβ  
Observationpoint：34  
Landcovertype：Salonchak   
恥eg訂払ぬ瞳畳珊¢厨地金恥訂y且洩孤d＄0釘As孟及  
㈹   
臥温＄せ¢官財畳gⅦ『eS  
Listo一丁’ables  
Ae敗now且ed酢menせ＄   
すN甘ROI）UC甘且ON‥‥‥‥‥‥‥‥‥‥‥・‥‥‥・‥‥‥・‥‥‥‥‥・‥ l  
C班AP甘取隠且  C取ヱ甘取扱耳AAN恥】ⅦE甘祝ODOLOGYO厨－  
DES取鼠甘肝ICAT耳ON ASSESSMEN甘  
1．1 Criteriaofdeserti負cationassessment ‥‥・‥・‥‥‥‥＝＝＝＝  
1．2 Collectionofgroundtruthandmapplng＝……＝＝＝＝＝…  
1．3  Datasources……………………………………‥ 1  
????
C狐AP甘駐汲2  CEN甘汲A軋AS‡Å  
2．1 Physicalenvironmentandpopulation…・…………‥…‥・  
2．2 Soildegradation………＝………＝○…＝…＝＝…  
2．3 Degradationofthevegetativecover＝…＝＝＝…＝＝＝●  
Refbrences………・。‥‥＝＝＝＝＝＝＝●＝＝＝＝＝●＝＝＝＝＝   
C狐AP甘温風3  M二耳DD軋EEAS甘－As温amC¢Ⅶmせ訂豆es－  
3．1 Introduction‥‥・・・・・‥・・・・・・‥・＝‥‥・＝＝＝＝＝＝●＝＝  
3．2 PhysicalandnaturalcharaCteristics……‥‥……‥‥＝…●  
3．2．1 R，elief臨如ures ‥‥‥・‥・‥‥＝・‥＝＝＝＝＝＝＝＝＝＝＝■  
3．2．2 Geology……。＝●＝＝＝＝＝＝＝＝＝＝＝●‥‥‥‥‥‥■  
3．2．3 Geomo叩hology。‥＝＝＝●＝＝＝＝●＝＝＝＝●＝‥……‥  
3．2．4 Soil。……………………＝＝………＝＝○＝＝●  
3．2．5 Climate‥・‥‥‥‥‥‥‥・‥‥‥＝＝＝＝＝＝＝＝＝＝＝＝  
3．3  Socialandeconomicftatures・‥・‥‥・・‥・・・＝＝＝＝＝●＝＝●  
3．3．1Population………＝○＝…＝＝●．．＝………‥……‥  
3．3・2 Agriculture－landuse＆livestock－‥‥・・・・・……‥＝＝＝＝  
3．4  DesertiBcationassessment…………………＝……‥◆  
3．4．1Vegetationdegradation＝．・＝＝＝＝．．＝……‥‥’’’‥‥‥  
3．4．2 Soildegradation……＝……＝＝…‥◆’．‥‥‥‥●‥●  
Re鎚rences‥‥‥‥‥‥‥＝＝＝＝＝＝＝＝＝＝＝＝‥‥‥‥‥‥●   
CHA野甘E汲4  CH耳NA  
4．1 Physicalfactorsofdeserti鮎ation………………＝…＝－  
4．2 PopulationandenvironmentinChinesehistory…‥‥…‥‥‥  
4．3 Landdegradationinthemainreg10nSOfChina……………・・  
4．3．1Desertincationinthemarglnalzonesofextra－aridreg10nS‥‥…b  
4．3．2 Secondarysoilsalinizationinaridinlandriverbasins…………  
4．3・3 LanddegradationinHuang－Huai－HaiPlain……‥…‥‥・・  
4．4 EcologlCaldisasterinloessplateaus‥…………‥………  
4．5  Shortageofwaterresources…………………○……‥‥  
Refbrences‥。…………＝…………＝……＝○……‥○  
??????????
????????）??????????????????????????????
??????????????
C附AP甘E凰5  朋ONGOL言A  
5．1 Natura］ftaturcs‥・・・・‥‥‥・・‥・・‥・‥‥‥‥・・‥‥‥‥‥  
5．2 Socialandpoliticalfactorsofdeserti且ca土ion……………。‥  
5．3 Degradationofthedrylands………・。…‥‥・‥…‥‥‥‥  
5・3・1Degradationofthevegetativecover………………・・…‥  
5．3．2 Winderosion………………………。‥‥‥‥‥‥．‥  
5．3．3 Watererosion……………。‥‥‥・‥‥‥・‥‥‥‥‥．‥  
Re托rences・‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥．‥‥‥．‥   
C開APTER6  AFG阻AN甘STANIPA鉱一STAN，甘NB）官A  
6・1 DesertincationofthedrylandsofA短hanistan…‥‥………。  
6・2 Desert漬cationofthedrylandsofPakistan‥‥・…‥‥‥‥‥・・  
6・3 Deserti丘cationofthedrylandsofIndia・‥‥・‥‥・‥‥‥・‥…  
6・3・1Naturalfeaturesandpopulation…・・・・‥・‥‥‥‥‥‥・・‥・‥  
6・3・2 Landdevelopmentanddesertiacation・‥・・‥‥・・・…・・・・‥‥・  
Re氏rences‥‥‥‥‥‥‥‥‥‥‥・‥‥‥‥‥‥‥‥‥‥‥‥．‥．  
?????????? ???
???????? ?? ??????
CHAPTER7  CONC且．US10N・‥‥‥‥・‥‥・・・‥‥‥・・‥・‥‥‥・ 72  
AppendixA：ExplanationofthelegendfbruDeserti鮎ationMapoftheDrylandsof  
Asia門   
A寸書achcdmaterial：Deserti丘cationM叩OftheDrylandsofAsia   
乱豆＄せ0官許igⅦ訂eS   
Figurel・1 Sbadedreliefim喝eOfAsia  
Figurel・2 Drylandsmapusedinthisstudy  
Figure 3.1 Physical featuresofMiddleEast 
Figure3・2 pop豆1a七ion騨OWthinMiddleEast  
Figure4・1 PopulationgrowthandthesizeofcultivatedlandinChinainhistorica且  
陀trOSpeCtive  
Figure4．2 Proposedroutesfbrsouth－nOrthwater－TranSfbrprqjects  
Figure5・1 AnnualprecipitationinMongolia  
Figure5・2 VariationofmeanSannualtemperaturesinnorthChina・Arrowsshow  
theperiodsofglacieractivitiesinnorthhemisphere  
Figure5・3 Schematicmapofanimalpressureandwateringrangelandsin  
Mongolia  
Figure5・4 ThemaintypesofsairinMongolia  
Figure7・1 Deserti鮎ationmapofthedrylandsofAsia   
ListofTables  
Tz血1el．1  
Tablel．2  
Tablel．3  
Tablel．4  
Tablel．5  
Tablel．6  
TAblel．7  
Tablel．8  
Tablel．9  
Criteria女）raSSeSSmentOfthevegetativecoverdegradation  
Criteriafbrassessmentofwinderosion  
Criteriafbrassessmentofwatererosion  
Criteriafbrassessmentofsalinizationofirrigatedland  
CriteriafbrassessmentofsoilsalinizationcausedbythedropofAral  
Sea Level  
CriteriafbrassessmentofrangelandwaterlogglnginCentralAsia  
Statisticsofreg10naldrylandsmapofAsia  
Landusetypesconsideredfbrthestudy  
Classesexcluded舟omassessment  
Table2．1 TheareaandpopulationofCentralAsianCOuntries  
Table2．2  MainclimaticfbaturesofCentralAsiandeserts  
Table2．3  DistributionofagriculturallandofCentralAsianbylandusetypes  
Table2．4  ChangeOfenvironmentalfactorsundertheimpactofirrigation  
Table2．5  AreasoffbrestsandgrowlngStOCkinCentralAsiaRepublics  
Table2．6  ThesizeofindustrialwoodcuttinginCentralAsianRepublics  
Table3．1 PopulationgrowthofMiddleEast  
Table3．2 ImportanceofagrlCultureinMiddleEast  
Table3．3   Landusedistributioninthousandkm2  
Table3．4   Livestockstatisticsinthousandheads  
Table3．5  GrazlngintensityexpressedintermSOfsheepperhectare  
Table3．6  Productivityofrangelandinkg／hectare丘omdrymatter  
Table4．1 Springwindsintotalpercentageofarmualwindsindesertincation  
PrOneareaSinHorquinandUlanQabSteppe  
Table4．2  Springprecipitationinthetotalpercentageoftheamualrainfallin  
Table．．3 。mentalinChinesehist。q  
Table4．4  Frequencyofmqorfl00dsandm句OrdroughtsinChinabytwentyyear  
Periods，1470－1909  
Table4．5  Leadingcausesofdesertification  
Table4．6  SecondarysoilsalinizationinsomeinlandriverbasinsofChina  
Table4．7  ShortageofwaterresourcesintheGanSuPrOVinceinfuture  
Table5．1 Themeannumberofdayswithduststormsinthearidzoneof  
Mongolia  
Table5．2  ThepopulationgrowthinMongolia  
Table5．3  ThenumberoflivestockinMongolia  
Table6．1 ClimaticindicesofthearidreglOnSOfAf岳hanistanandPakistan  
Table6．2  ClimateindicesofthedesertsofIndostan  
Table6．3  UnachievedproductlVltyOfcropsinPakistan，Pur扇abprovince  
Table6．4  TheareaandpopulationoffburstatesofIndia  
Table6．5  
Table6．6  
Table6．7  
Table6．8  
Table6．9  
Table6．10  
PopulationgrowthinIndia，thousand  
Cultivatedareasin1981－1982，thousandhectares  
NumberoflivestockandpoultryinfburstatesofIndia  
Thesizeofwastelandinfburstatesof‡ndia，thousandhectares  
DistributionofoperationalholdingsinIndiabysizegroups  
RuralpovertyinIndia   
Desertincationassesspentbylandusetypes（km2）  
Desertincationassessmentbylandusetypes（％）  
Deserti鮎ationassessmentbydegreesandtypesoflanddegradation  
Distributionofvegetationdegradation，WatererOSionandsoilerosion  
infunctionoflandusetypes  
Desert摘cationclasses  
Classesexcluded倉omassessment．  
Symbolizationoflandusetypes  
Land degradation types 
Table7．1a  
Table7．1b  
Table7．2  
Table7．3  
TableA．1  
TableA．2  
TableA．3  
TableA．4  
丘NT温0Ⅰ〉UCT甘ON   
Deserti且cationisaglobalproblem，nOtOnlybecauseofthevastareasofdrylands，  
whichoccupyaboutonethirdoftheEarth，ssurface・Theprocessoflanddegradation  
initiatedindesertscaneXPandlikeacanCertOborderingareas・ForexamPle，Particles  
ofdustandsaltblownoff蝕）mthedry，eXPOSednooroftheAralSeaaretransported  
bywindovergreatdistancesreachingRussia・IntemationalConventiontoCombat  
Deserti鮎ation（CCD）adoptedin1994，de萬nesdeserti鮎ationas“landdegradation  
inarid，Semi－aridanddrysub－humidareasresultingfiomvariousfactors，including  
● climatevariationsandhumanaCtivities”．LossofproductivityinaridreglOnSCreateS  
them句OrenVironmentalconstraintsforsustainabledevelopment・Hundredsmi11ion ●  
ofpeopleinthecountriesa飽ctedbydeserti鮎ationsu飴rdirectly丘omshortageof  
fbodandenvironmentalquality．Severalmi11ionofecologicalrefugees（acategoryof  
peoplenotrecognizedbyUNagencies！）seekasyluminneighboringcountries・Sothe  
problemofdesertincationhastranSfbrmedtosocialandpoliticalproblem・   
ThepeoplesoftheworldrecognlZetheimportanCeOfthisproblem・TheIntemational ●  
Convention to Combat Desertincation（CCD）gave a new hope fbr the people  
su飴ring録omdeserti鮎ation・CCDrecommendscreatingamonitoringsystemof  
desertincationcontrol．Assessmentandm叩PlngOfdeserti鮎ationisthe丘rststepof  
thismonitoring・Asknown，theassessmentandmapplngOfdeserti鮎ationcanbe  
conductedondi脆rentlevels：global，regional（CCDrecognizedAsiaasoneregion），  
nationalandlocal．   
Studyofscienti丘cpublicationshasshownthatscientistsandexpertsofdi飴rent  
countries have developed di脆rent methodologiesfor deserti丘cation assessment・  
Fromthispointofview，authors approvetheeffbrtsofFAOandUNEPinthe  
standardizationofthismethodology．Desertincationmapspublishedintheco皿tries  
ofAsiainseveralcasesarenotcomparable・Remotesensingdatahavebeenusedto  
makethe且naldecisionin a11questionable cases・The authorsproceed録omthe  
assumPtion that changeSin spectralrenectanCe meaSured by space＿images are  
indicativesofrealchangeSindesertenvironment．   
Smallscale deserti鮎ation maps cannOt describelocalphenomenain desert  
environmentalchange・Thisshouldbetakenintoconsiderationbyanalysisofthe  
PrOPOSedmap・  
The authorshopethatthismqp willpave the wayforfurtherperftctionofthe  
methodologyofdeserti負cationassessmentandmapplng・  
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C淑AP甘班隠且   
C鼠貰官記R耳AÅNDIⅦE甘宜宣OD⑬LOGY FO温DESE温甘温FすCA甘且ON  
ASS班SSM濫珂甘  
1．1Criteriaofdescrtificationassessment  
Criteriafbrdesert摘cationassessmentmusttakeinconsiderationthelocalconditions of  
thestudyarea．Theseconditionsshouldbeinvestigatedthrough貢eldobservations，With  
thehelpofremote senslngtOOIs．Theresultsofsuchinvestigationcanbeinterpreted  
according to the typeand degree of desertincation．The types of desert捕cation  
COnSideredinthisstudyareasfb1lows：   
1－Vegetationcoverdegradation．  
2－Winderosion  
3－W如ererosion  
4－Soilsalinization  
5－SoilsalinizationcausedbythedropofAralSealeve1  
6－RangelandwaterlogglnginCentralAsia   
CriteriafortheassessmentandsmallscalemapplngOfdeserti鼠cationweredevelopedfbr  
eachlandusetype．ThefbllowlngCategOriesoflandusewereidenti丘ed：forest／woodland，  
rangelandand meadow，dry agnculture，irrigation agricultureand the dry，eXPOSed  
bottomoftheAralSea．Becauseabsohte負guresofthesecharacteristicsvary舟omreglOn  
toregion，thecriteriaaregiveninrelative且gures（fbrexamPle，PerCentageOfthearea  
COVeredwithmovingsandduneS）．   
Vegeta鶴omcoveT鮎gradationisconsideredtobethemainfbmofdesertiBcation．The  
m毎OrCauSeSOfthistypeofdegradationareovergrazing，fuelwood，鮎esoffbrestsand  
heavytra用・CmaChines，WhichcompactthesoilandkilltherootsofplantS．甘ab盈c且。且  
SummarizesthecriteriaforassesslngOfthevegetationcoverdegradation．Fivecriteria  
Weredevelopedtoanalyzethestatusofvegetationdegradation：   
1－Plantcommunity：thiscriterionanalyzestheexistingtypesofclimaxplantSifitis   
Climax，OrSeCOndary．  
2－Percentage ofclimax species：The distributionandthe density ofclimax species   
reflectcleariytheovergrazlngOfanarea．tf75％ormoreofclimaxplantsremainin   
theland，itisconsideredslightlydesertified，While75－25％isconsideredasmoderate   
range ofdesertincation・Ifthe remalnlng Climax species areless than25％，the   
Situationisconsideredtobeseveretoverysevere．  
3－ Decreaseoftotalplantcover：Thiscriterionisaddressedtoquantifythedeclinein   
Vegetationdenslty，andisdividedinthreedegrees：1essthan25％，25－75％andmore  
than75％．  
4－Lossoffbrageonrangeland：Rangelandisthemainsourceoflivestockfbrageand   
OCCuPleSalargepartofmanyreglOnS．Rangelandconditionisthenfbrconsideredto   
beanimportantindicator ofdeserti茄cation，the criteria fbrthis assessmentisthe  
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quantityoffbragelosswithinrangeland，Withthecategoriesfbrpercentageoflossas  
inplantCOVerdecreasing（thirdcriteria）・  
5＿Lossofcurrentincrementofwood：甘heestimationofthislossinwoodlandclassi重．ed   
uslngthesamepercentagecategoriesasabove・   
So亙且e訂0＄豆0弧byw触感orwaせe訂aCtionsresults丘omasetofcomplexprocesses，Whichcan  
begroupedintothreephases：Physicaldetachment，tranSPOrtationanddepositionofasoil  
particle．Thetermsoillossisthequantifyingofmaterialexportedataspeci鮎dpointat  
theboundaryofanarea，andcanbeexpressedinunitsoftonespersquarekilometer・This  
resultsinremovalofthetopsoil，damageto soilstructureanddetrimentalchangesin  
texture．Themaincausesofsoilerosionareovergrazlng，Whichleadsinparticulartoa  
reductionintheplantCOVer．Uprootingofshrubsleadstothedestructionofthesoil  
struCtureandthustoacceleratederosionofthesoilbywindandwater．Ifplants，Which  
had previously protected the soil，are remOVed by uprooting，theinnltration of  
precipitationwaterintothesoildecreasesandsurfacerunOffincreases，㍑enhancednoods叩  
OCCur．  
Droughtyearsareanormalphenomenon，duringwhichrainfbdcultivationtakesplace  
belowthesafbrainfalllimit，eSPeCia11yinmarglnallands．Onceploughinghasdestroyed  
the stabilityofsoilandthe鮎Idliesfallow，SOilparticlesarethenexposedtowind  
erosion・Thesoilparticlesarecarriedawaybyduststormsoraccumulatetofbrmsand  
dunes．   
ThefbllowlngCriteriaareimportantfbrassesslngthemagnitudeofsoilerosion：  
トPercentageofareacoveredwithsandduneS‥Thiscriteriaisconsideredfornon－arable   
areasexposedtowinderosionintheformofsanddunemovementorregression・Itis   
assumedthatifmorethan70％oftheunderareaconsiderationiscoveredwithsand，   
thentheareaisseverelya蝕ctedbywinderosion．Apercentageof30－700fsand   
dunesindicatesmoderatewinderosionandlessthanthispercentageindicatesslight  
winderosion．  
2q Percentageofareacoveredwithsodform1ngPlants：Inthenon－arablelanditis   
importanttoconsiderthepartsoflandhavingapotentialfbrplantingcultivation・A   
non－arablelandhaving30－50％grasslandisconsideredtobeslightlya脆ctedby   
winderosion．IfthesodcoverlnganareaOflO－30％，thenithasamoderatedegreeof   
desertincationandlessthan10％isaseveretoveryseveredesertincation・  
3－Typeofwatererosioninpercentage：Thetypeofwatererosionrenectsclearlythe   
magnitudeofproblem・Ifsheeterosionisthedominantfbrm，andthenitisconsidered   
tobeclassinedasslightwatererosion，ifthedominantwatererosionisrillerosion   
withfbrmationofgu11ies，thenitismoderatewatererosion・Thefbrmationofnetwork   
Ofgullyerosiontogetherwithothertypes ofwatererosionleadsto severewater  
erosionorseveredesert摘cation．  
4－Removaloftopsoilhorizonofarableland，theamountofremovedtopsoileitherby   
winderosionorwatererosionisaverylmPOrtantindicatorofsoildegradation・A   
disappearanceof25％oftopsoilorlessisconsideredtobeintheslightsoilerosion   
category，aPerCentageOf25－50indicatesamoderatesoilerosion，Whileif50％of   
topsoilormoreareremovedthenthesituationisseveredegradation・  
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5－ Blow－OutSOfthearea（ablow－Outisasmallho1lowmadebyturbulent streamof   
Wind）：IflO％ormoreofanarablelandisa飴ctedbyblow－OutS，thenithasasevere   
Winderosion．Ifpercentageof5－100fareahasblow－OutS・fbature，SOitisamoderates   
Winderosioncausedbyblow－OutS，andlessthan5％itisslightlya脆ctedbywind  
erOSlOn．  
6－ LossofyieldofmaincroplnPerCentage：Themainconsequenceofsoilerosionisa   
reductionof重e且dyield．Ifthereductionisestimatedtobemorethan50％，thenthis   
indicatesaseveretoveryseveredeserti蔦cationbysoilerosion，alossof25－50％of   
yieldcropindicatesamoderatedegradation，andalossof25％orlessindicatesa   
Slightsoilerosion．  
Taぬ且e且。2＆Tablcl。3summarizethecriteriaforassessmentofthesoilerosion．   
So畳且sa且inizaiio弧istheaccumulationofsolublesalts（chlorides，Sulfates，Carbonates）of  
SOdium，magneSium，OrCalcium．Alkalinizationorsodi且cationinvoIveanemichmentin  
SOdiumions．Ahighconcentrationofsaltsinthesoilgivesrisetosalineoralkalinesoils．  
Thisistheresultofirrigationwithoutadequatedrainageandwaterwithahighmineral  
COntent；thewa土eristranSPiredwhilethemineralsincreaseinconcentration．Ifthesoil  
SOlutionbecomesmoreconcentratedthanthesoluteconcentrationoftheplantCe11，Water  
isumabletopassintotheplantandreversemovementofwaterandnutrientscanOCCur，  
CauSlngWiltinganddeathtotheplant．AccordingtotheFAO，aSOilisconsideredas  
Salinewhenitscontentinsolublesaltexceedslto2％inthe20uppercm，andthe  
accumulationofsaltbecomesharmfultoplantgrowぬ．   
Ifthesaltywatertableinaridandsemi－aridareascomeswithinlto4moftheroots，  
SOmeOfthewatercanrisethroughcqpillarityandcausedamagebecauseitinhibitsthe  
PlantSabilitytoabsofbmoisture．Theplantsbecomestuntedordiedependingonthesalt  
COnCentration．Ifthesaltygroundwaterreachesthesoilsurfaceitevaporatesandleaves  
Saltcrystalsonthesurfaceofthe丘eldsandifthequantityofsaltywaterreachingthe  
Surfaceis great enough，arelativelyimpermeable salt crust wi11fbrmOVerthe soil，  
diminishingin創trationandnatura11eaching．  
ThecriteriaadoptedtoassesssoilSalinizationaredescribedasfo1lows：  
トSolidresidue：Thiscriterionquantinesthepercentageofsoluble saltintheupper   
topsoil．IfitisrangebetweenO．20andO．40，thismeanSaSlightdegreeofsalinization，   
therangeOfO．40－0．60％meanSamOderatedegreeofsalinizationandapercentage   
morethan0・60consideredbeingseveretoveryseveredegreeofsalinization．  
2－ Salinityofgroundwater：Forthiscriterion，anamOuntOf3－6g／1iterindicatesaslight   
Salinization，丘om6tolOreftrstomoderatesoilsalinizationand丘omtolOto30a   
SeVeretOVerySeVereSOilsalinization．  
3－ Salinityofimigationwater：Wateristhesecondsourceofsalta氏erthesoilitse鴫the   
assessmentismadebytheestimationofsaltcontentofirrlgationwateringramper   
liter．IfthesaltcontentrangeO．50tol．Og／1iter，thesalinizationisslight，anamOuntOf   
l．O tol．50fsaltindicates a moderate Salinization，and more thanl．50fsaltin   
irrlgationwaterleadstoseveresalinization．  
4－ Saltaccumulation：TheamOuntOfsaltaccumulationisestimatedintonsperhectare・   
If the accumulated salt rangedfrom16－30torJha，itis considered as slight  
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salinization，anamOuntOf30－450fsaltaccumuiationrefbrstomoderatesaliniation   
and倉om45to90refbrstoseveretoveryseveresaliniztion．  
5－Lossofyieldofmaincrop：IfthereductionofyieldofmaincropISeStimatedtobe   
more than40％，then thisindicates a severe to very severe desert浦cation by   
salinization．Alossof15q40％ofyieldcropindicatesamoderatedegradationanda   
lossof15％orlessindicatesaslightsalinization．  
甘諷恥温記且。4summarizesthecriteriafbrassessmentofthesoilsalinity．   
Dryingup血eAralSeaa脆ctedsigni鮎antlythehydrologlCalsituationintheTuran  
Lowland．DryinguptheAralSeawascausedbywithdrawalofwateroftheAmudarya  
andtheSyrdaryariversfbrirrigation．Anewanthropogenicdeserthasbeenfbrmedon  
theformerAralSeabottom，Thatresultedindevelopmentofdeserti丘cationprocesses，in  
Particular‥blow－OutSandaccumulationofsaltanddust，fbrmationofso且onchaks，Change  
Ofenvironmentalinriverdeltas，degradationofvegetationinthelow幻owoftherivers  
dischargedintotheAralSea．甘盆地且．5explainscriteriafbrtheassessmentofsalinization  
CauSedbythedropofAralSealevel．   
Waせer且ogg温ngishappenedwhentheporosityofthesoilisentirely創1edwithwater，  
whichleadstheralSlngOfthewatertable．Thedegradationappearswhenthewaterbrings  
saltstowardsthesurfaceandwhentheexcesswaterinthesoilhorizonlimitstheaerobic  
lift．InalloasesofCentralAsiaexcessiveirrigationandleachingofsalinesoilsarethe  
reasons ofaccumulation ofplenty ofwater．Great amount Ofthis wateris notonly  
conductedbyspecialcanalsbutalsopenetratestothedesert．Thisuncontrolledwater  
鎖00ds rangelandsand fbrms many new streamsand smal11akes．As a result the  
PrOdtictivedesertrangelandsareputoutofoperation・Palatable放）ragePlantsarerePlaced  
byhydrophytesandphreatophytes．NewstreamS，bogandlakeshinderthemovementof  
nocks．ThecriteriafbrtheassessmentofrangelandwaterlogglnginCentralAsiaarethe  
depthof放eshgroundwater；ChangeSOfdominantplantSandtheplantcoverpercentage・  
Tab且e且。6explainsthesecriteria．  
Tablel．1  
Criteriafbrassessmentofthevegetativecoverdegradation  
Statuscriteria   Deserti負cationclasses  
Slight   Moderate   Severe andvery severe 
1．PlantCOmmunity   Climaxorslightly  Ephemeralsecondary   
Changed   SeCOndary  
2．Percentageof  ＞75   75－25   ＜25   
Climaxspecies  
3．Decreaseoftotal  ＜25   25－75   ＞75   
plantcover  
4．Lossof払rageon  ＜25   25－75   ＞75   
rangeland，％  
5．Lossofcurrent  ＜25   25叫75   ＞75   
incrementofwood，％  
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Tablel．2  
Criteriafbrassessme血Ofwinderosion  
Statuscriteria   Deserti重cationclasses  
Slight   Moderate   Severe and very 
SeVere   
減刑＿αrα鋸eJα乃d  
1．Percentageof  ＜30   30－70   ＞70   
areacoveredwith  
sandduneS  
2．Percentageofarea  50－30   30－10  ＜10   
coveredwithsod  
払mingplants  
drαみ7eJα乃d  
1．Removaloftop  ＜25   25－50   ＞50   
borizon，％  
2．Blow－0叫S，  ＜5   5－10   ＞10   
percentage ofthe 
area  
3．Lossofyieldof  ＜25   25－50   ＞50  
maincrop，％  
Tablel．3  
Criteriaforassessmentofwatererosion  
Statuscriteria   Deserti重cationclasses  
Sligbt   Moderate   Severe and very 
SeVere   
肋〝－αrα∂おね〝d  
1．Typeoferosion   Sheeterosion，Slngle  Sheeterosionand   Sheeterosion，rills，  
dlls   rills，払mationof  network of gullies 
gullies  
2．Removaloftop  く25   25－50   ＞50   
SOilhorizon，％  
drα鋸eJα乃d  
1●．Removalortop  ＜25   25－50   ＞50   
SOilborizon，％  
2．Lossofyieldof  ＜25   25－50   ＞50   
mainCrOp，％  
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Tablel．4  
Criteriafbrassessmentofsalinizationofirrigatedland  
Statuscriteria   Desertincationclasses  
Slight   Moderate   Severe and very 
SeVere   
1．Soilsalinization，  0．20－0．40   0．40－0．60   ＞0．60   
SOlidresidue，％  
2．Salinityofground  3－6   6叫10   10－30   
W如er，g／1iter  
3．Salinityofirrigation  0．5－1．0  1．0－1．5   ＞1．5   
Water，g／liter  
4．Seasonalsalt  16－30   30－45   45－90   
accumulation，tOnnla  
4．Lossofyieldof  ＜15   15－40   ＞40  
maincrop，％  
Tablel．5  
CriteriafbrassessmentofsoilsalinizationcausedbythedropofAralSealevel  
Statuscriteria   Deserti負cationclasses  
Slight   Moderate   Severeandvery   
SeVere   
1．Ch狐geOfsoil   Formationofcoastal  
desertsoilpartially  solonchak   
covered with 
barkhanS   
2．Amountofsaltsin  ＜130   －290   290－370   
SOillayerO－100cm，  
ton／ha  
3．ChangeOfthe   Formationofshrub  PsammOphilous   frag血entsof  
VegetativecoYer   （Haloxylonspecies）  Vegetation，   hdophytes  
andsemi－Shrub  Tamarixspecies   
Vegetation  
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Tablel．‘  
CriteriafbrassessmentofrangelandwaterlogglnginCentralAsia  
Statuscriteria   Desert漬cationclasses  
Slight   Moderate   Severe and 
VerySeVere   
1．Depthoffiesh  10－5   5－2   ＜2   
groundwater，m  
2．Changeof   Tamarixramo－   Tamarixramo－   Fragmitisaustralis   
dominantPlants   Si sima，Alba由  Sissima，Alhagi  
PerSarum  PerSarum，  
Kareliniacaspla   
3．Pl訂止COVer，％   ＜30   30－70   ＞70   
Fordevelopingthecriteria，eXPerimentaldatacollectedinCentralAsiaandMongolia  
WereuSed，aSWe11asliteraturesources．Some desertincationm叩S andexperimental  
StudiescoverlngtheareasofSyria，SaudiArabia，China，IndiaandIranWerealsousedin  
OurprqeCt．   
1．2Co且1ectiomoぎgroⅦmdせru蝕amdm叩p且ng ●  
AssessmentandmapplngdesertiBcationinthe丘ameWOrkofthisprqjectwasbasedon  
applicationoflow－reSOlutionspaceimages．NOAA／AVHRRdatawerefbundtobeusefu1  
fortheanalysisofdesertiBcation・NormalizedDi脆renceVegatationIndex（NDVI）was  
COmPutedbythefbllowlng鈷rmula：  
NDVI＝（NIR－RED）／（NIR＋RED）   
Where：NIRMreneCtanCetnnearinffaredspectralband（ChaJme120fAVHRR）  
RED－reneCtanCelnredspectralband（channellofAVHRR）   
TwotypesofNOAA／AVHRRdatawereused：  
－ 21－31May（1992－94）data，4arc－minuteresolutionNDVIdata  
TheorlglnaldataisNOAAmASAPathnnderAVHRRLandDataSet，  
Whichhas anomina18－kmresolution・This datawere geometrically  
reglSteredtoa4arc－minutegrid．  
－ Apri11992－March1993data，30arc－SeCOndresolutionNDVIdata．  
TheorlglnaldataistheGlobalLandl－kmAVHRRdatasetproducedby  
theUnitedStatesGeologicalSurvey（USGS）whichconsistsoflO－day  
COmPOSite，nOmina11yl－kmresolutiondata・Fromthisdataset，mOnthly  
COmPOSite30arc－SeCOnddatawerederived．   
The鮎sttypeofdatawasusedbecauseinCentralAsiaanda句Oiningareasthemaximum  
growthofvegetationtakesplaceintheendofMay，afterintensivewinterandsprlng  
PreCipitation．   
Thematicmapsandpublicationswereusedfbrcollectionofthegroundtruth（Seethelist  
givenintheendofthischapter）・662plotsofqpproximatelyequalareawereselected  
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倉omthesesources．Foreachsampleplot，themeanNDVI（4arc－minuteimagery）was  
calc山飢ed録om5pixels：  
North  
West Central East  
South   
Eachsampleplotcontainsthefbllowlnginfbrmation：COOrdinatesofthecentralpolntS，  
landusetype（See甘認ぬ温¢A。30fAppendixA），anddesert摘cationclassandthecausesof  
desertincation（see甘a抽A．堵ofAppendixA）．Thesampleplotsweredi血ibutedacross  
thereg10ninthe駄〉11owlngWay：CentralAsiaq280，MiddleEast岬154，China－94，  
Mongolia－66，A短hanistan，Pakistanand‡ndia－66．   
Interpretationofsmall－SCaleimagewasconductedbythefb1lowlngPrOCedure：  
1．Unsupervised class摘cation of4arc－minuteNDVIimages，  
2．Landcoverclass捕cationby30arc－SeCOndmonthlyNDVIdataandsur払ce  
temperaturederived放omcharme14＆5data（Tateishi，1999），  
3．Visualinterpretation of di騰rent classes ofimagerywithinlandscape～  
弧aloguesineacbgeogr叩bicalzone．   
Theassessmentofdesert泊cationinthisstudyisconcernedonlywiththedrylandsand  
semi－drylandsofAsia（about9，804，700km2）．Andtheassessmentexcludedthefbllowing  
Classes：Bogs，Solonchaks，Bareland，Stones，Mountains，MovingsandandExtra－arid  
lands．Mountainsheremeanmountainareasexcluded丘omassessmentbecausetheydo  
notbelongtodrylands（Kharinetal，1993）．   
Classi鮎ationofthedrylandsofAsiausedinthisprdectisbasedonthelandsc叩etheory  
OfSoviet geographers（Kharin et al，1993）．甘ablc且。7showsthe areas ofdrylands  
Classi薫．cationofAsia．F且gurc且．且（coverpage）isashadedreliefimageofAsia，Which  
Showsthemorphologyofdi飴rentfヒaturesinAsia，andFig狙rC且．2（COVerPage）isthe  
drylandsmapusedinthisstudy．  
Tablel．7  
StatisticsofreglOnaldrylandsmapofAsia  
Classname   Area，km2   Percentage   
Semi－aridland   3，040，189   25。49   
Aridland   7，294，219   61．14   
Extra－aridland   1，194，563   10．01   
n/lountains 401，148   3．36   
Total   11，930，119   100．00   
Legendfbrsma11scalemapplngOfdesertincationwasdevelopedfbreachlandusetype・  
Thefb1lowlng CategOriesoflandusewereidenti鮎d：fbrest／woodland，rangelandand  
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meadow，dryagrlCulture，irrigationagrlCulture，anddriedupseanooroftheAralSea．  
Landusetypeandthedominantlanddegradationtypede重nedesertincationclass．甘a払且e  
且．＄showsthelandusetypesandtheirareasconsideredfbrassessmentand甘認恥且e且．9  
Shows theland cover type excluded丘om assessment．The details fbrlegend of  
deserti丘cationmapanddrylandsmapareglVeninApp¢取離ⅩA．  
Tablel．8  
Landusetypesconsideredforthestudy  
Landuse   Areakm2   Percentage   
Forest／woodland   408，421   4．17   
Rangeland and medow 7，996，532   8l．56   
DryagrlCulture   675，790   6．89   
IrrigationagrlCulture   704，315   7．18   
Driedupseanoor   19，642   0．20   
Total   9，804，700   100．00  
Tablel．9  
Classesexcludedfromassessment  
Classname   Areabn2   Percentage   
Bogs   514   0．02   
Solonchak   121，568   5．72   
Bareland   113，091   5．32   
Stonesurface   4，249   0．20   
Mountains   401，148   18．87   
Movingsands   290，286   13．66   
Extra－aridland   1，194，563   56．20   
Total   2，125，419   100．00   
1．3Datasour亡eS   
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C鼠N甘隠A軋AS耳A   
2。且野馳ys亙e盈盈¢mV孟romm記nせandp叩Ⅷ且a鮎m   
TheregionofCentralAsiaincludes且venewlyindependentcountries（theformerSoviet  
RepublicsoftheSovietUnion）：Kazakhstan，Turkmenistan，Kirgyzstan，Uzbekistanand  
T毎ikistan．TheareaandpopulationofthesecountriesareglVenin甘a払且e2乱  
Table2．1  
TheareaandpopulationofCentralAsianCOuntries（Kharin，1996）   
Countries  Landarea，  Population，Ⅹ103  
xlO3km2  
1959   1970   1979   1989   1996   
Kaz血stan   2，713．3   9，293   13，009   1，468   6，538  16，791   
Uzbekistan   447．4 8，119   1l，799   15，391   19，906  22，193   
Kirgyzstan   198．5   2，006   2，934   3，529   4，291   4，461   
Turkmenistan   488．1   1，516  1，159   2，759  3，534   4，500   
T毎ikistan   143．1   1，981   2，900   3，＄01   5，112   5，707   
Total   3，994．4  22，975   32，801  40，161  49，381   53，786   
CentralAsia（CalledMiddleAsiabyRussiangeOgraPhers）islocatedwithinvastAral0－  
Casplan basin・Vast desertand semi－desert plains，Piedmont plainsand oases of  
irrigatedsoilsarethemainlandscapesofthereglOn・Thenew丘vecountriesmentioned  
al）OVefbrmaseparategeOPOliticalreglOn・   
Thesecountrieshavemuchincommon：thephysicalenvironment，eCOnOmicheritage  
倉omthefbrmerSovietUnion，Similartraditionsinagriculture，andasimilarcultureand  
religion（Islam）・   
ThedesertsofCentralAsiaarelocatedinthetemporalbeltofthecontinentalclimate・  
Summerishot，dryandcloudless・Winterismild，eXCePtthenorthempartOfthereg10n  
wherewinteriscold．Theseclimatic fbatures areintensinedbygeographicbarriers，  
whichisolatetheterritory倉omthesouth・Sothetemperaturereglmeinsummerdoes  
notstronglydi脆r丘omtheneighboringcountries－IranandAfghanistan・Climatic  
indicesofthereglOnareglVenin甘aわ1e2・2・   
DuststormsareoneofthemostcharacteristicftaturesofthereglOn．DuststormSbegin  
bythewindvelocity9－14m／secandsometimeswithalowervelocityofabout6－8  
nJsec・ThegreatestnumberofdaysinayearWithduststormSWaSregisteredinthe  
fo1lowingstations：CheshmeNl13days（1948），Repetek－106days（1939），Mo11a－  
Kora－146days（1938），Muinak－121（1958）・HighalbedoisalsoacharaCteristic  
fbatureofthedesert．Ittotals30－34％forbarkhanSands，20－25％fordrysandand25－  
35％fbrpebblesurfhce・Forsanddunesgrownbyvegetationalbedofh11sto20％・  
Albedoofcultivatedvegetationismuchlower，about5％（Babaevet・al，1993）・  
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ThemainfeaturesofsoilcoverinCentralAsianplainsareinclosecorrelationwitha  
ZOnalfactori．e．，thesmal1quantityofprecipitation．Accordingto“SoilmqpofCentral  
AsianRepublics”（Lobova，1971）thefo1lowingsoilsarecommonintheplainsregionof  
CentralAsia：graybrowntyPical，graybrownSOlonets－1ike，graybrownSOlonchak－1ike，  
deserttakyr－1ike，takyr，desertsandysoil．GraybrownSOilsaremainlycommoninthe  
UsturtandKrasnovodskpeninsula，insomepartsoftheKarakumandtheKyzylkum  
desertandin piedmont plains as well．Dwarfsemi－Shrub vegetationis the most  
COmmOn fbrthese soils G4rtemisia kemrudica，A．terra－alba，SdLsolagemascens，S  
OrientalisandAnabasissaLsa）．Communitiesof肋lo砂lonpersicumandotherdesert  
Shrubsarecon且nedtodesertsandysoils．Talqr＋1ikesoilsaremainlycommoninthe  
anCient delta plains oftheAmudarya，the Tedzhen and the Atrek rivers，Where  
肋lowlon甲卸Ilum，SdLsolaorientalisandSgemascensarethedominantSPeCies．   
DistributionofagriculturallandbylandusetypesisgiveninTab且e2・3・Cottonisthe  
main cash crop ofthe reglOn．Irrigated fおmland occupleS8．672million ha．The  
PrOduction ofcottonin1992was315．O thousands oftonsin Kazakhstan，68．Oin  
Ku∫gyZStan，6，292．Oin Uzbekistan，1，457．Oin Turkmenistan，920．Oin T毎ikistan．  
Livestocknuniberstotaledbymillionheads17．4，64．1，4．9，2．0and O．23fbr cattle，  
Sheepandgoats，Pigs，horsesandcamelsrespectively（Kharin，1996）．  
Table2．3   
Distributionofagricultura11andofCentralAsiabylandusetypes，ha（Ⅲ1arin，1996）  
Landuse  Countries  
TypeS  
Kaz血stan  Kirgyzstan  Uzbekistan  Turkmenistan  T毎ikistan  Total   
Arableland   36，000   537   4，183   1，233   822  42，775   
Haymaking  300   166   119   9   30   624   
Land  
’Rangeland   180，000   5，233   23，144  34，527   3，436  246，340   
Total   216，300   5，9J36   27，446   35，796   4，288  289，739   
AsTablc2・且shows，thepopulationmorethandoubledoverthelast30years・Ingeneral  
thedemographicprocessinCentralAsiaisfbllowlngaPatternOf㍑highbirthrate－high  
mortality”，Whichiscommontoalldevelopingcountries，Withcontrarytothemodel  
“lowbirthrate－lowmortality”ofdevelopedcountries．ButthisofBcialstatisticsdonot  
renectstherealsituation．   
Byroughestimation，丘om4to5mi11ionpeople（mainlyRussianS）haveemigratedfrom  
thecountriesofCentralAsiasince1991．  
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2。2S¢組成記g訂認成認舶¢弧   
ThedryingupoftheAralSeawascausedbywithdrawalofwater免・omtheAmudarya  
andtheSyrdaryariversfbrirrigation．Bytheassessmentof1993（Kharinetal．，1993）  
SalinizationofsoilsduetothedropoftheAralSealeveloccuredinanareaof49，197  
km2．Anewanthropogenicdesertwasfbrmedinthisvastarea．Razakov（1994）fbund  
that75milliontonsofsaltswereblownoff放omthedriednooroftheAralSea．These  
SaltsweretransportedbywindovergreatdistanCeS．   
Wind erosion mainly occursin sandy desert．Tracts of movlng Sand dunes of  
anthropogenicorlglnareCOn董inedtotheareasofactivehumaninterfbrenceindesert  
environment（roads，Canais，COnStruCtion5itesetc・）・InKazakhstan，winderosin  
affbcted20．5millionhaofploughlandand25millionhaofrangeland．TechnogenlC  
desert捕cation occurredin thearea Of181．3thousand ha．These areasinclude gas  
Pipelines，mining sites andmi1itary test sites ofthe fbrmer USSR（Baitulin and  
Bekturova，1997）．  
IntheKarakumdesert，naturalerosin（denation）isobservedon15％ofsandsgro  
byvegetation．These eroded areaslnCludeblow－OutS，Singlebarkhans（movingsand  
dune）and groups ofbarkhanS．Theirlocation can be studied only bylarge－SCale  
maPPlng・   
Tracts ofmovlng Sandsofnaturaloriginhave been excludedfiomassessment．For  
example，Dzhi11ikumSands（lit．“Furious Sands”）areknownintheKarakumdesert．  
Thesesandsareinaccessibleforpeople，   
WatererosiondevelopsonthemountainslopesandinthepiedmontplainsofCentral  
Asia．AccordingtothemapofKharinetal．（1993），WatererOSionintheAralSeabasin  
wasregisteredintheareaof82，578km2．Theslightlyerodedareadominated（64％），the  
remainingareaismoderatelydegraded．Nurberdyev（1982）studiedsoilerosioninthe  
Kopetdagpidmontplain．Wheat，barleyandlocalvarietiesofpearswerecultivatedin  
this belt．Theintensity of water erosionis dependent upon slope，eXPOSure and  
technique oftillage．According to Baitulin and Bekturova（1997），WatererOSionin  
Kazakhstana脆cted20．5millionha，amOngWhich5．2millionhawerea蝕ctedseverely・  
Annuallyinthis country60million tons ofsoilmaterialwas washed away敵om  
ploughl弧d．   
TheconstructionofgrandioseirrigationcanalsinCentralAsiaandreclamationofnew  
landshaveledtochangeSOfphysicalenvironment．SomeareashavebeentranSfbrmed  
to zones of ecologicalcatastrophe，SuCh as the Tedzhen oasisin Turkmenistan・  
Dukhovnyi（1980）hasdevelopedaclassincationofchangeinirrigatedsoils（甘ab且e2・4）・  
TheauthorofthisTableconsidersthosechangesasstabie，Whichalwaystakeplaceby  
lmgation．NonstablechangeSdonotalwaysoccur．Some90％ofirrigatedfarmlandsin  
CentralAsiaare affbctedby Salinization・Pooragrotechniques，insufncientdrainage  
networksandlackofcroprotationarethemainfactorsstimulatingsoildegradationin  
COttOnOaSeSOfthereglOn．  
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Table2．4  
Changeofenvironmentalfactorsundertheimpactofirrigation（Dukhovnyi，1980）  
Typeofchanges   Factors of changes Positive  
e飴ct   ef‡もct   
Stable，Non－   Milding the climate ＋  
controled   ChangeOfnaturalvegetation   ＋  
Change of microorganisms ＋  
Cha一喝eOfwildl脆   十  
Lowerlngthefbrceofwind   十  
Ch弧geOfrivernow   十  
Changeofculturalvegetation   十  
LowerlngnOnprOductive早VaPOration   ＋   
Non－Stable，   ChangeOfgroundwaterlevel   ＋  
Controled   ChangeOfhumidityinaerationzone  
＋       ChangeOfgroundwatermineralization  
ChangrOfriverwatermineralization   ＋  
ChangeOfphysicalpropertyofsoil   ＋  
ChangeOfsaltcontentinaerationzone  ＋  
Erosionofslopes  
Useofmineralizedwater fbrirrigation，absenceofcroprotationandapplicationof  
largeamOuntOffertilizershasledtoseveresoildegradationinTurkmenistan（Desert  
ResearchInstitute，1996）．Asknown，anOPtimalquantityoffbrtilizerstimulatesthe  
PrOductivityofagriculturalcropsandsoilfbrtility．ButifanOVerlyabandantamountof  
fbrtilizerisappliedthesurplusofnitrogencandepresssoilbiota．Theseverityofsoil  
Salinizationinirrigatedfarm－lands ofTurkmenistanaredistributedinthefo1lowlng  
Way：nOnSaline4．6％，Slightlysaline28．5％，mOderalelysaline53．8％，SeVerelysaline  
13．1％．   
Salinization ofirrigated soilsis a serious problemin Kazakhstan．The soils ofthe  
SeCOndarysalinizationoccupy376・7thousandha，Whichconstitutes20％ofallirrigated  
land．AboutO．5millionhaofirrigatedlandhavebecomeunusedbecauseofsalinization  
andproblemswithirrlgationsystems．ThesizeoftheareaOfunusableland，increased  
貢vetimesa氏er1990（BaitulinandBekturova，1997）．   
2．3Ⅰ）egradationoぎ地evegeね扇vee¢Ver   
ThecausesoflanddegradationinCentralAsia，Withpercentageofa脆ctedareas，areaS  
fo1lows：Vegetation clearlng 28％，OVergraZlng 29％，eXCeSSiveirrigation 9％，  
COnStruCtion ofroadsand canals8％，hayproduction3％，undergrazlng3％，Water  
創tration2％，Othercauses18％（Kharinetal・，1993）．Thecategoryofothercauses  
includes nres，mine working，mOVment OftranSPOrtation vehicles，and other non－  
identined causes・Degradation ofthe vegetative coveris the maintype ofland  
degradationinCentralAsia・Usually，Vegetationdamageistheinitialstageofhuman  
interftrenceinthedesertenvironmentvegetation．  
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Degradation of fbrestsin CentralAsiais one ofthe most disastrous processes・  
Accordingto theciassi鮎ationoffbrest芦inthefbrmerUSSR，them卑iorityofCentral  
Asianfbrestsbelongtothenrstcategory－PrOteCtivefbrests・Infbrmationonthearea  
andgrowlngStOCkofforestsinthereglOnisglVenin甘a抽2。5・Thetabletesti鮎sto  
poorfbrestresourcesofCentralAsia・During1981through1989，thesizeofbrestarea  
diminishedin a11Rep血1ics，eXCePt Kazakhstan（Tab且e2・6）・In Turkmenistan，the  
reductionofthefbrestedlandoccuredlargelyasaresultofwoodcuttingfbrfuel・  
Table2．5  
AreasoffbrestsandgrowlngStOCkinCentralAsianRep豆blics  
（NationalEconomyoftheUSSR，1991）  
Republics   Percent喝eOf払rested  Forestareaper  GrowlngStOCk，  
Land   i血之ぬitant，ha   millionm3   
Kazakhstan   3．16   ．3   366．0   
Kirgyzstan   3．30   6．3   23．0   
Uzbekistan   11．60   0．6   11．0   
Tqiikistan   1．60   0．1   6．0   
Turkmenistan   12．10   3．0   14．0  
Table2．‘  
ThesizeofindustrialwoodcuttinginCentralAsianRep豆blics  
（NationalEconomyoftheUSSR，1991）  
Republics   Industrialwoodcutting，thousandha  Forestedarea，thousandha  
1981  1983  1984  1987  1988  1989  1983  1989  Change   
Kazakhstan   85．4  87．2  72．7  7l．8  71．2  65，9  9，353  9，643   ＋ 88   
Kirgyzstanan   0．7 737   729   －8   
Uzbekistan   8．4  10．0  10．1  10．2  4．3  5．S  1，909  1，302   － 92   
T毎ikistan   0．2  36．1  31．1  32．5  32．5  32．5   458   410 －48  
Turkmenistan  5，12，1  4，127   －994   
AccordingtoSukhikh（1991），theproductivityofforestsinCentralAsiahasdeclined  
duringthelast50years・During1950through1990，e蝕rts ofaffbrestationwere  
conductedinanareatOtalling5・7millionha・Fromthisarea，Onlyl・7mi11ionhawere  
COSⅣedandregisteredasproductivefbrests・Sukhikh（1991）alsoindicatedthe  
prlnCIPalcausesoffbrestdegradationinthereglOn：animalgrazlng，unWarrantedcutting，  
poorscienti鮎justincationofmeasuresonforestregeneration，andlowsalaryofrangers  
and otherforest personal・Many CaSeS OfunWarranted cutting were registeredin  
Turkmenistan．Atotalof603casesofviolationoftheForestCodewereregisteredin  
1991and905casesin1992（DesertResearchInstitute，1996）・   
Degradationofdesertrangelandisaresultoftheover－eXPloitationoffbrageresources・  
Thedegreeofdegradationingrazlnglanddependsuponthecompositionoflivestock  
andtheintensityofgrazing．Sheepmainlygrazeherbaceousplants，Camelsfbedon  
shrubsandsemishrubs，andgoatscanCOnSumealltypesofvegetation・Asystemoffree  
ranglng dominates the range management OfCentralAsia・Sheep can move丘om  
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wateringpointsmaximumat5～7km卿ikolaev，1972）・Rangelandaroundwatering  
POintscanbedividedintothefo1lowlngZOneS：  
1．Thethirdstageoflanddegradation（VerySeVerePreSSure），0・5－1・5km，   
2．Thesecondstageoflanddegradation（severepressure），1・5－3・5km，   
3．TheBrststageoflanddegradation（moderatepressure），3，5－7・Okm・   
Bereznev（1995）foundthatinseveralprovincesofKazakhstanforageproductionin  
desert rangelands was exhausted evenbythe1960，s・Neglectfu11y，the number of  
livestockincreasedby40％duringthelast25yeras・Currently，25％ofrangelands，that  
havewateringpoints，areS止句ecttodegradation．Ingenerallivestockisprovidedwith  
pasturageby51・8％・InTurkmenistan，50・5％ofrangelandsareslightlydeserti鮎d，45％  
moderatelydeserti鮎dand4．5％areSeVerelydesertined（DesertResearchInstitute，  
1996）．InUzbekistan，58％ofthevegetationisslightlydegraded，37％aremoderately  
degradedand5％areseverelydegraded（Kharin，etal・，1993）・   
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C脱ÅPTE温3  
M‡DD軋取EAS甘  
－AsianCountries－  
3．1Introduction   
Thepresentstudyisconcernedwiththedesert摘cationintheAsianPartOfMiddle  
East．ThereglOnCOnSistsoffburs豆b十reg10nS：トTurkey，2－Iran，3－ArabianPeninsula，  
WhichincludesthecountriesofSaudiArabia，Yemen，UAE，Oman，Kuwait，Qatar  
andBahrain，and4－TheFertileCrescentcountries，WhichincludesIraq，Syria，Jordan，  
Israel，SinaiofEgyptandtheoccupiedterritorybyIsrael．   
Withthisde負mitionthetota11andsurfaceisapproximately6・262millionkm2・The  
totalpopula‡ionisabout240mi11ionin1999asestimatedbytheauthor，andthe  
armualpopulationgrowthrateis3％．   
Theproblemofdeserti負cationinMiddleEasthasalonghistorythroughthepast  
Centuries．Ithasbeensu切ecttolong－termChangeSinclimateandhumanaCtivities．  
ThenslnghumanPOPulationand，theassociatedgrowthinconsumptionoflimited  
resourcesbyhumanaCtivitieshasledtoseveredegradationofvegetationandsoil，and  
toshortagewaterresources，Whichcomposetheessentialnaturalresourcesfbrhuman  
existence．WithinthereglOn，deserti且cationisoneoftypicalfbrmSOfenvironmental  
degradation．   
3．2PhysicalandnaturalcharaCせeris士ics   
3．2．1Relier鮎atures   
IngeneralMiddleEastreg10nCanbedividedintosimplezones，nOrthemmountain  
belt，COmPnSlngthestatesofTurkey，IranandnorthempartofIraq．Thesecondzone  
formedbyplainsanddissectedplateaus（BeaumOntetal．，1978）．FigⅦTC3．1showsthe  
distributionoftheseftatures．   
Inthe mountain part，the Pontus Mountainsin Turkey，aninterrupted chain of  
highlandsparallelofBlackSeacoasts，riseinaltitudemorethan3000msouthofRize．  
Thehighestpeakofthischainis5165matAraratMountintheeastpart・Inthe  
SOuthernCOaStOfTurkey，theTaurtusMountainsintersectwiththePontusMountains  
andpresentanaturalbarriertohumanmovement・TheAnatolianPlateauoccupleSthe  
CentralpartOfTurkey；itisfbundatabout500melevationandrelativelyisolated  
録omthecoasts．   
InIran，mOuntainsaredividedintotwopartsalongasouthwest－tO－nOrtheasttranSeCt．  
InthenorthofIranandalongthesouthernShorelinesofCasplanSeaarelocatedthe  
ElburzMountains，Whichrisetoanelevationof5510matDamaVandMount．Inthe  
SOuthwestofIran，OVerlookingtheTigris－EuphrateslowlandsandPersianGulf；the  
ZagrosMountainsstretchalongtheIraqi－Iranianboundaries・Thehighestelevation  
reaches4548matMountZardkuh・TheeastofIranisoccupiedbythe山Eastem  
IranianHighlands”，WhichfbrmanaturalbordersbetweenIranandAfghanistanand  
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Figure3．且MqjorreiieffbatureoftheMiddleEast（BeaumOnt，1978，mOd捕edbyauthors）  
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attainanaltitudeof2500m．The centralplateauofIranisdividedintotwom往IOr  
basinsbothwithinlanddrainage．TheDasht－e－KavirfbrmSahugesaltdesertinthe  
north，Ⅴ血iletheDasht－1ut払rmsthesouthembasin．   
IntheEastoftheRedSeaintheArabianPeninsula，highlandsalongtheRedSeaare  
fbund雨Ierethehighestpeakismorethan3700minYemen．Fromthiscomerthe  
reliefgenerallydeclinesinelevationtowardthenorthandeastofthepeninsula・In  
CentralAral）ia，therelieffbrmsseriesofwestwardfacingescarpmentsinanarC－1ike  
fbmaroundthemainhighlandmassoftheWestCoast．Uplandareasarefbundinthe  
PrOXimlty tO the MediterraneaneaSternCOaSt，With a gradualdeclinein altitude  
towardstheinterior．Thesehighlandsattainamaximumof3000matMountHermon．  
ThepatternOfreliefinthisreglOniscomplicatedbytheexistenceofthenorth－SOuth  
faultzoneoftheDeadSealow－1ands，Whichhasdissectedtheuplandbelttofbrma  
trough－1ikereglOndescendingto410mbelowsealevelatthesurfacelevelofthe  
Deadsea．Thisisthelowestpointintheglobe．   
Thelargestlowlandbeltofthereg10nStretChes録omnorthofIraqtothemountainsof  
Oman．InIraqitiscrossedbythelargeriversofTigrlSandEuphrateswhereasinthe  
SOuthempartthereliefisminimal．Thelowiandbeltcontinuesasanattenuatedzone  
alongthewesternShoreoftheGulftobroadenintoaneXtenSiveplaininsoutheastern  
Arabia，WherethelargestsandSeaintheworld，theRub’alkhaliisfbund．Heresome  
duneS are mOre than200min height．Finally，the Mountains ofOmanreaCh a  
maximumOf3000matGebelAIAkhdar（BeaumOntetal．，1978）．   
3．2．2Geology   
Ingeneralterms，theoldestrocksofPre－CambrianandPaleozoicagesarefbundon  
thestablemassesofArabianPeninsula．Thesebasementrocksareexposedinwestern  
Arabia．Northwards，PrOgreSSivelyyoungerrocksmostlyofsedimentaryOrlglnOCCur  
suchasthefhmousNabianSandstone．   
IntheFertileCrescentandIranreg10nSmarinesediments，inparticularlimestoneand  
marlsofMesozoicagemakeupamuchlargerproportionoftheoutcrop．Calcareous  
SedimentsareOfaneCOnOmicimportanCe，aStheyconstitutereservesfbroil．Rocksof  
Tertiaryageconsistmostlyofmarinesands，Clays，marlsandlimestone．Theserocks  
OCCuralongawidezoneparallelingthe GulfandintheinlandbasinsofIranand  
Tu止ey．   
ThickQuaternarySedimentsarecon丘nedtotheuplandbasins，Wherethemqjorva11ey  
SyStemSOfTigris，Euphratesandothersareformed・Eruptiverocks，mainlybasaltare  
fbundinthehighlandzonesofTurkeyandIran，andinthea嘩acentareatothem句Or  
faultingzonesoftheDeadSealowlandsandRedSeareglOn・VoIcanicpeaksareSeen  
inMountAraratandMountDamavand・Inotherplaces，1avaupwellinghasoccurred  
along貢ssuresratherthanfromslnglevents．ThesecasesarefoundaroundJebeled  
DruZeinSyriaandintheuplandsofwesternSaudiArabia．  
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3．2。3G¢¢mOrpぬ¢鼠（唱y   
Geomorphichazardsplayaslgni凸cantrOleinlandfbrmsfbrmationandstronglya脆ct  
humanaCtivities．Mostofthesehazardsareadirectresultofwateraction．Inupland  
areas，1andslides，erOSionandmud且owsarecommonoccurrencesonunstal）leslopes  
withlittlevegetationcover．Frequent幻00dscandevastateriversandlowlandareas・   
Withthelong dry seasonthatprevails aimost everywhere during summer，Wind  
erosionisam年IOrhazard，windscausethemovementoflargequantitiesof坑ne－  
grainedmaterials，leavlngbehindaconcentrationofcoarse－grainedsediments・Sandy  
depositsarecommonthroughouttheeastempartofMiddleEast・   
InIranSalt weathering has been discovered to be animportant PrOCeSSin the  
breakdownOfrockscrosslngthealluvialfhnsandplainsonthemarglnOfDash－e－  
Kavir（Beaumontetal，1978）・FurtherevidenceoftheimportanCeOfthisp？CeSSi守  
fbundin a description ofcracking parallelstone onpavement sur払cesln Sinal  
（Yaalon，1970）・AsinIran！aneXamPle，thegrowthofgypsumandsaitcrystalsin鮎e  
CreVicesseemstobetheprlmeCauSeOfsaltweathering・  
Beaumont et al・，（1978）employed竺Simple basin modeito describe the  
geomorphologyln Middle East・This slmPle modeldividesthe basinintofour  
environmentalzones：uPland，al1uvialfan，alluvialplainandsaltlakeorsaltdesert・  
Theuplandzoneischaracterizedbysteepoutcrops，Whichareusua11yresist狐trOCk  
types・GenerallythiszonehasanerOSiveactlVltyreSultingfromsevereweathering  
conditions，nuVialactivityandmassmovementonsteepslopes・   
The three other morphologicalzones are essentia11y depositionalin nature・The  
al1uvialfhnzoneissituatedatthemarglnOftheuplandzoneandcharacterizedby  
slopesof3to15degrees，withcoarSematerialsbroughtoutbynuvialandmudnow  
activity．   
Thealluvialplainpossesseslowerslopethanthatofalluvialfan，andinmanycaseof  
MiddleEast，formsthem句OrmOrPhologicalzone・Itischieny払rmedbywateraction  
deposition，butwinderosionalsooccurshere・The員nersurfacematerialisgenerally  
removed bythe wind，1eavlng a StOne Or PaVement desert behind，and fbrmlng  
depositsofloessorsanddunesinthelowerpartsofthezone，OrOnthemarglnSOfthe  
a句acentsaltdesert．   
The saltlake and saltdesert zone occur onlyinbasins without drainage outlets・  
Materialsinthiszoneisnormally丘negrained，Ofsiltorclaysize，Withthecoarser  
materialhavingbeendepositedduringpassageoverthealluvialfanandplainzones・  
Saltcrustsareoftenfbundongroundsurfaceandasalinedepositoccursinthesoil  
pro創e・Slopesareverygentle，andasaconsequencewaterbodiesareveryshallow  
and cover extensive areas．Water movementinto this zone放om a嘩acentuplands  
takesplacemostlyinlatewinterandearlysprlng・Bylatesummerallstandingwater  
hasnormallyevaporatedandsaltcrustsarefbrmed・TheDash－e－KavirofcentralIran  
andtheRiverJordanillustrateverywellthismodel．  
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3．2．4Soil   
Soilisoneofthemostvitalnaturalresourcesinanyreg10n，because，Withoutit，  
agriculturalactivityisnotpossible・Itisalsorelativelyeasilydestroyedbythecareless  
actionsofman．Basicfactorscontrollingsoilfbrmationareclimate，Parentmaterials，  
vegetation，Slope，hydrology，micro・Organisms，humanaCtivityand time・Parent  
materialandclimateconditionsareuSuallythemostsigni丘cantfhctorsinnuenclng  
SOiltypes．   
IntheMiddleEast，anumberofsoilstypestandoutexceptionallyimportanCeWith  
regardtoeithertheirtotalareaofoccurrenceortheiragriculturalproductivity・In  
termSOftheGreatSoilGroq）Classi鮎ation，thesetypesaretheRedDesertsoils  
（includinglithosoIsandsand）；Sierozems（includinglithosoIsandsand）；Reddish  
Prairie，ReddishChestnutandReddishBrownsoils；TerraRossa，andRendzinnas；  
ChestnutandBrownSOils；anda11uvialsoils（Beaumontetal．，1978）・   
TheRedDesertsoilsarethemostwidelyoccurrlngSOilsinMiddleEast，mOStOfthe  
ArabianPeninsula，Iraq，JordanandsouthemIran・OwingtothedrynessofthereglOn  
inwhichthesesoilsarefbund，animalandplantgrowthwithinthemisminimaland  
consequentlythehumuscontentisverylow・Soilhorizonsarepoorlydevelopedand  
thetextureiscoarsewithmanyunWeatheredmaterials・   
SierozemsorGreyDesertsoilsarecon茄nedtothenorthemandcentralpartsofIran  
wheretemperatureconditionsdrecooler．TheyarecharaCterizedbytheaccumulation  
ofcalciumCatbonatejustbelowthesurface．NeithertheRedDesertsoilsnortheGrey  
Desertsoilsareofgreatagriculturalsign捕cance．   
● ReddishPrairie，ReddishChestnutandReddishBrownsoilsarefoundinthereglOnOf  
the仏FertileCrescent”ofnorthemIraqandSyria．TheReddishPrairiesoilsappearto  
have been developed under grassland conditions and are of great agricultural 
PrOductivityparticularlyfbrcereals・In slightlydrierareas，ReddishChestnutand  
Reddish BrownSOils occur．These seem to fbrmunder a range Of vegetation  
COnditions，butallshowthedevelopmentofacalciumcarbonatehorizonatdepth．   
TerraRossasoilsareofexceptionalagriculturalimportanCeanddevelopedonhard，  
Pure CryStallinelimstonesunder a MediterraneanClimatic reglme，and occur  
extensivelyinTurkey，Syria，Lebanon，JordanandIsrael．Thedeepredcolorofthese  
SOilsisthoughttobedueto thepresence ofsesqulOXidesofironinconsiderable  
quantities．Their clay contentis commonlyabove50％andbecause ofthis，their  
moistureholding capacityis good．Due totheirunstable struCture，these soilsare  
SuSCePtibletowatererosionwhenvegetationcoverisremoved．   
Rendzinasoilspossess darkgreyorblacksurfhcelayersoverlyinglightercolored  
material，Whichishighlycalcareous．Suchsoilsarefbundonlyonsoftlimestonesand  
marls，uSuallylnaSSOCiationwithTerraRossasoils，Whichfbrmonmoreresistant  
calcareousfbrmations．   
Inthetransitionalzonebetweengrassland soilsandariddesertsoils，Chestnutand  
Brown soils are fbund．They are bestdevelopedincentralAnatolia．Inmore arid  
reg10nS，theChestnutsoilsarereplacedbyBrownsoils，Whicharesimilarinpro員1e  
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characteristics，butcontainlesshumusandconsequentlyareofalightercolor・Bothof  
thesesoilstendtobeR）undinreglOnS，Whicharemarginalfbrdry－1andfarmlng・   
AlluvialsoilsarethemostfbrtilesoilsfbundintheMiddleEast．Theyoccuralongthe  
m往！Or river systems，and are especially we11developedinthe Tigris－Euphrates  
lowlands．Thetextureofthistypeofsoilvariesconsiderably，dependinguponlocal  
sedimentsupplyconditions・Inthelargerriverbasinssilty－Clays，Silty－loam，andsilty－  
clay－loamstendtobepredominant・Wherepoordrainageoccurs，Salinitycanbea  
problem・   
3．2．5Climate   
The Middle East has a specialand unusualclimate・Most parts ofthe world  
experiencetheirrainfhlleithermostlyduringsummer（thewa竺SeaSOn）ordistributed  
throughouttheyear・OnlylnaVeryfbwareasisthereamaxlmumrainfallinwhter  
（thecoldseason）．Thisistheso－Called“Mediterranean”climate，Whichistypinedby  
alongintenselyhotanddry summer，and arelativelymild，ralnyWinter，With  
OCCaSionalcoldspells．   
Thecontrastbetweenthesetwo seasonsconditionsplantli克andthusagriculture・  
Nativeplantrestinthehotseason，Whichisoppositetowhathappensincooler  
temperatureclimate・Someplantssuchascerealsmaturequicklytocompletethe  
growthcyclebefbretheonsetofhotweather；Others，Chienybulbs，nOWerinsprlngOr  
autumn，Whilstsome，SuChasthecitruSbear鮎itinwinter・Allthesehaveamarked  
e飴ctonagriculturalroutinesandgenera11ivinghabits，1ikethesummersiesta，Which  
invoIvesbreakingthedayintorestperiods，WithaveryearlymomlngStart，and  
continuanceofworkintheevenlng．Antumniswarmandsunny，WhilesprlnglS  
changeableandsubjecttocoldspells，bothareshort，intermediateseason・  
TemperaturesarefarhigherthanthoseattheEquator・DaymaximumOf380Cto46OC  
isusual，anda負gureofover52OC・isknown・Inwinter，theinteriorlandcanbecold，  
especiallyathigherelevations・SnowcanfallinmountainsinTurkey，Iran，Syria，  
LebanOn，JordanandYemen．Theplateaus ofTurkeyandIranexperiencesevere  
winters，Withseveralmonthsofffostandupto120daysofsnowcoverareminderof  
theirgeographicalpositiona噌acenttoRussia・TheminimumtemperaturerangeS録om  
4OCtolOOCdependinguponthegeogrqphicallocation・Widenuctuationstemperature  
betweendayandnightarecharacteristicoftheinterior，butnotclosetothecoast  
（Fisher，1980）．  
AnimportantcharacteristicofMiddleEastclimateisthescantandirregularrainfall・  
MuchoftheentirereglOnhaslessthan250mmanmally・ThisdeficiencylSintensi鮎d  
bythehighlysporadicandirregularnatureoftheautumn，fbrinstanCe，in1972  
KuwaitandpartsoftheGulfcoasthadunprecedentednoodsthatwashedaway  
parkedcars・InJordanofncialstatisticsmentionedadailyrainfallof158mmNaour，  
SOuthofAmman（Qudah，1998）・AIsotherecanbeheavyrainino㌣elocalityandnone  
afbwkilometersaway・Ontheotherhand，thereareaftwreglOnSWhereproduce  
annualtotals of750－1000mm．TheseareusuallyuplandareaSClosetolarge seas  
northernIsrael，Lebanon，andwesternSyria，SOuthandwestTurkeyandnorthofIran  
closetothe CasplanSea・TheextremesouthandeastofArabiacanbrushedby  
monsoonalcurrentfi・OmIndianOcean，andthushavealocalsummerrainfall：partSOf  
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YemenandOmanareinnuencedinthisway・Normally，thewinterrainsbeginin  
October，Withaseriesofstorms・HeaviestrainfallsduringJanuaryinthewest，and  
FebruaryOrMarchintheeast・TowardstheendofAprilthesemaybethe鮎alonset  
ofrain，and放omJunetOSeptembernorainwhatsoeverinthesouth，andonlyvery  
sma11amou血Sintbeno血．   
Twootherphenomenamaybementioned‥theoccurrenceofhotanddustorsand－  
1adenwinds放omdesertareas，andtheprevalenceofhighatmospherichumiditynear  
thecoasts．Thesandwinds，knownaSKhamasins，areunPleasantvisitationsthatcan  
lastupto48hoursandtheirmaine脆ct，aPart丘omhumaninconvenience，isto  
withergrowlngCrOPSOnalargescale・Highhumidity，eSPeCiallylnSummermakes  
livingconditionsdi銘cultinsuchareasasthePersianGulf：theRedSeaandpartsof  
LebanOn．An0there脆ctistheintenseevapotranPirationduetothehightemperatures  
andlowprecipitation・DetailedworkonpotentialevgpotranSPirationamOuntSinthe  
MiddleEastrevealedma正edvariationsthroughoutthereglOn・Thehighestvaluesof  
meanannualevapotranSPiration，Ofmorethan1140mm，areCOnfinedtotheareas  
southof30degreeslatitude・Mediumvalues，between570andl140mm，OCCur  
throughoutmuchofTurkey，theeasternMediterraneanCOaStalreg10n，Syria，nOrthem  
Jordan，nOrthernIraqandinthehighlandsofIran，While負guresbelow570mmare  
fbundonlyinthehighestuplandregionsofTurkeyandnorthemIran（Beaumontet  
αエ，1978）．   
3．3Soeia且amdee¢mOmie触a紬re   
3．3．1popⅦ蜘豆om   
Oneoftheacuteissues，WhichexertaprofoumdinnuenceondesertincationinMiddle  
Eastcountries，ispopulationpressure・Thisproblemarisesasaresultofahighbirth  
rate，tOgetherwithafairlylowdeathrate・Thissituationhasmultiplieddemandson  
naturalresourcestofu1別Ipeople’sneedsinwater，fbodandspace，WhichmeanSmOre  
directorindirectpressuresonthelandanditsavailableresourcesofwater，SOiland  
vegetation・StudiesmentionedthattheneedsofincreaslngPOPulationismorethan  
doubleoftheproductivity（AOAD，1994）・   
Asaconsequenceofthisprocess，desertincationormoregenerallyenvironmental  
degradationhasattackedmillionsofhectaresintheMiddleEast，Ofwhichmorethan  
70％are severely degraded compared to the situationin19600flow density of  
POPulationwhendeserti且cationwasslighttomoderate・   
Historically，theMiddleEastcountieshavehadapopulationof14millionin600AD  
（BeaumOnt，1970），thesameauthorarrivedatlowestimate，Whichheadopted，Of20  
millionfor1920（includingEgyptandLibya）．By1950，thesameregioncontained  
approximately 44 million people. 
Inthisstudy，SeVeralsourceshavebeenexaminedtocompileestimatesofpopulation  
growthby decade放om1960to2000・甘a捌e3・且and伊豆gu『e3・2explains these  
investigations，倉omwhichseveralconclusionsmaybemade・  
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Table3．1   
PopulationgrowthofMiddleEast  
CountⅣ   CountⅣ  PopulationinMi11ions敵om1960to2000  Growth  
Sur免ce  イate％  
xlO3bn2  1960  1970  1980  1990  1995  2000   1998  
SaudiArabia   2，149．90  4．85   6．43   S．50  14．20  18．73  22．20   3．68   
Yemen   527．97  5．30   7．03   8．90  10．50  14．73  18．00   3．30   
Kuwait   17．82  0．5（i   0．76   1．60   2．10   l．82   2．08   3．80   
Oman   312．50  0．46   0，66   0．90   1．50   2．13   2．60   3．7l   
Bahrain   0．62  0．14   0．19   0．43   0．50   0．58   0．70   2．58   
Qatar   ll．00  0．05   0．10   0．30   0．40   0．54   0．80   2．74   
UAE   75．58  0．14   0．19   0．92   1．60   2．93   3．00   3．50   
Iraq   437．00  6．90   ．83  13．80  18．90  20．65  23．80   3．70   
Lebanon   10．40  1．S5   2．46   3．00   3．00   3．67   4．07   2．15   
菖yia   185．18  4．57   6．24   8．60  12．50  15．45  17．50   3．30   
Jordan   g9．20  l．00   1．35   2．20   3．50   4．10 4．90   3．40   
WestBank＆Gaza   6．22  0．56   0．75   l．35   1．89   2．13   2．80   4．02   
Turkey   780．58  26．70  35．53  46．20  58．00  64．57  69．50   2．00   
Iran   l，650．00  21．75  28．53  36．80  48．40  64．40  70．30   3．4  
Israel   20．77  l．50   2．80   4．00   4．70   5．17   5．90   l．9l   
Total   6，274、74  76．60  103．20  137．50  184．69  221．54  248．20   2．98   
ThepopulationoftheMiddleEastwastrebled録om1960with76．6millionto240  
mi11ionin1999，andis expectedto be480million by2020．Compared to other  
COuntries，MiddleEastcountrieshaveahighpopulationgrowthrate，about2．98％as  
average．The world population growth rateis aboutl．7％．FigⅦre3．2，Withits  
exponentialshape，Shows clearlythispopulationincreaslngandthehighvalue of  
POPulationgrowthrate．TheconditionsofliftareverydifncultinMiddleEastwith  
lowindividualincome．This situationincreases the population pressure on the  
availablenaturalresourcesandleadstolanddegradation．Itisworthnotlngthatinthe  
PaStthisreg10nhadhighagriculturalproductivity．   
3．3．2Agr豆e覗且せⅦre一丸amdus¢＆L孟vesねC乱ト   
AgriculturehasafundamentalimportanCeintheliftofthereglOn・Table3・2gives  
SOmeindicatorsfbrtheimportanCeOfagrlCulture．OverthewholereglOn，agrlCulture  
COntributeddirectlytoabout15％oftheGDPin1968q1969（BeaumOntelal．，1978）・  
In1994－1995，thecontributionofagrlCultureisestimatedfbrthewholereglOntObe  
about15．5％，withanetdecreaseintheagrlCulturallaborfbrcebetween1970and  
1995，Which may agaln beinterpreted asincreaslng Ofpressure on naturalland  
resources．LowproductivityisoneofthereglOn’sm句OreCOnOmicproblems，andthis  
isduetophysicalconditions・  
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Figure3．2Populationgrow血ofMiddleEast  
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Table3．2  
ImportanCeOfagrlCultureinMiddleEast  
Percentage   Percentageof  Percentage   Percentageof  
contribution  to  labor  force  contribution to  1血or  fbrce  
GDPbeR）re1970  be払re1970  GDp－a免er1995  a氏er1995   
SaudiArabia   6．0   60．0   8．8   5．5   
Yemen  67．0   20．0   62．0   
iraq   19．0   47．0   5．0   20．0   
Syria   26．0   49．0   28．0   22．5   
Jordan   15．0   39．0   6．0   10．0   
LebanOn   10．0   47．0   8．8   9．0   
Iran   19．0   46．0   23．0   29．0   
Turkey   28．0   69．0   16．0   44．0   
Israel   6．0   10．0   2．0   2．6   
（a）軋amdⅦS¢   
WateravailabilityisthemostimportantCOnStraintonagriculturallanduse．Awinter  
orsprlngmaXimumandalongsummerdroughtcharacterizetheprecipitationreglmeS・  
This pattemlargely determines the time available fbr crop growth，thoughlow  
temperatureinwinterandhighevqpotranSPirationinsummerrestrictrapidgrow払to  
theperiod録omFebruarytOMayinFertileCrescentand録omApriltoJulyinthehigh  
CentralpartsofTurkeyandIran・   
WheatandbarleyarethemostimportantCrOPSintermsoftheareadevotedtothemas  
wellastheirprominenceinthediet・Asindigenousplants，theyarewelladaptedto  
localconditions．   
ThecriticalconditionsaremetinpartsofthereglOnWheremeanannualprecipitation  
exceeds240mmand relativeinter～armualvariabilitylessthan37％．Mostofthe  
region cannOt SuPPOrt dry farming（rainfed farming）andperPanent Cultivation  
dependslargelyupontheavailabilityofwaterforirrigation，andthisisrestricted・The  
SituationofagriculturallanduselSPreSentedinTablc3・3・   
Asitis showninTable3．3，humanuSeSOnlypartoftheMiddleEastarea・The  
mountainsaretoohighinplacesforcomfortableuse，andinwintertheyaretoocold・  
Tractsofsandandstonedesertprovidephysicalcontrast，buthumanuseisgenera11y  
restrictedtowhenanOCCaSionalshowerhasproducedanushofherbage・InsplteOf  
theseconditions，fhrmlnglSStillbasictothesocio－eCOnOmiclifヒoftheMiddleEast・   
However，annualcroplandcoversaverysmallpartofthereg10n，eStimatedatan  
average of6・5％oftotalland・The rangeland，however，is considerably wide  
（Table3。3）．Everywherethearableareahasbeenincreasing・Formergrazinglandhas  
beenploughedupinthedryfarmlngareaS，andirrigationhasbeenextendedintothe  
aridpartsofthereglOn・Theuseofthecultivatedareaisalsochanglng・Thecropplng  
pattemisdominatedbywheatandbarley，Whichoccupymorethan50％oftheneld  
cropareaandreachedover80％inIran，Iraq，Jordan，TurkeyandYemen（Beaumont  
eJαJ．，1978）．  
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Table3．3  
Landusedistributioninthousandkm2  
Coun叫  Pemanent  Irrigatedarea   ねrest  rangeland  
Sur払ce  Cultivation   
Ⅹ1がkm2  Sur飽ce   ％＊   
SaudiArabia   2，149．90   0．95  15．30  16．08  100．0   0． 7  764．40  
Yemen   527．97   2．00   臥50   3．80   45．7  20．00   158．40   
Kuwait   17．82  0．04   0．05  100．0  1．34   
Oman   312．50   0．43   0．18   0．62  100．0  10．60   
Bakain   0．62   0．02   0．02   0．03  100．0  0．1l   
qatar   ll．00   0．02   ．06   0．13  100．0  0．50   
UAE   75．58   0．33   0，20   0．67  100．0  1．52   
‡raq   437．00   2．70  34．60  36．26   94．5  13．11   39．33   
Lebanon   10．40   0．93   l．10   0．86   46．2   0．80   0．10   
Syria   185．18   6．70  42．00  10．13   2 5   5．55   78．70   
Jordan   89．20   0．94   1．20   0．68   29．9   1．40   7．81   
WestBank＆Gaz   6．22   0．12   0．48   0．12  0．06   1．88   
Turkey   780．58   34．93  174．50  40．70   20．4  202．00   125．00   
‡ran   l，650．00   16．50  127．30  72．60   50．5  l15．00   445．00   
Israel   20．77   0．80   0．35   l．80  l．25   1．45   
Total   6，274．74   67．37  405．83  184．53  360．04  l，636．14   
Percentoftotal   100   l．10   6．50   2．94  5．70   27．29   
＊Irrigatedareaas％ofcultivatedarea（FAO，1997）   
Incontrastwiththeareaunder航eldorannualcrops，thatdevotedtopermanentCrOPS，  
prlnCIPally舟uittrees，issmall，aboutl・1％oftota11andsurface・01ives，Vinesand茄gs  
arethemostcommonsincetheyhavetheadvantageOfbeingdeep－rOOtedandthus  
abletodrawmoisture丘omdepthduringthelong，aridsummers，Whichcharacterize  
thereg10n・However，theextremearidityoftheinteriorandthewintercoldnessofthe  
mountainsandhighplateausmakethematypicalcombinationofthereglOn，and  
PermanentCrOPSOCCurOnlyinareasa句acenttotheMediterranean，ChieflyIsrael，  
Jordan，Syria，LebanOnandcoastalTufkey・   
Irrigatedcropscover184・53thousandskm2inthestudyarea，WhichaccountSfbr3％  
oftotalarea．Thevastm毎orityoftheirrigatedareas（95％）areconcentratedin丘ve  
COuntries：Iran，Turkey，Iraq，SaudiArabiaandSyriaintheorderofimportanCe．Iran  
alonecontains40％ofthetotalirrigatedarea（Tab且c3．3）．AsmentionedbyFAO，  
1997，in the ArabianPeninsula as a whole，80％ofthe cultivated areais under  
irrigation．In allof countries within this sub－reglOn eXCePt Yemen，the entire  
Cultivatedareais underirrigation．As shownin Tab且e3．3，Cultivated area under  
irrigationisimportantfbrallofthecountries，andiscruCialforsomecountrieslike  
Iraq，Wherealmost95％ofthecultivatedareaisunderirrigation・   
0nlyasmallareasoffbrestsurvivetoday（Tablc3。3），muChofwhichconsistsof  
littlemorethanSCrub．IntheMiddleEast，87％ofthefbrestareainIranandTurkey，  
andArabianPeninsulapracticallyhasaverylittleoffbrestatpresent・Itisimportant  
toindicatethatfbrestsintheMiddleEasttodayarefhcingseriousproblems．The  
m印OrdestruCtiveactivitiesinthefbrestsarecuttlngtimbertoprovidelumberand  
nrewood，PrOducingcharcoalfbrcookingandextractlngreSinsfbradhesives．Forest  
destructionhasbeenaidedbytheactivitiesofnomadicpastoralistswho，OnOCCaSion，  
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willfu11yburnfbresttoextendtheopengrazlngandffequentlyhadnoalternativebut  
tograzetheiranimalsamOngStthetrees・aStheypassedthrough，therebyhindering  
regeneration・Theconsequenceshavenotonlybeenthelossofavaluableresource，  
butextensive erosioninthe mountainsandincreased noodinginthevalleysand  
plains・  
Asfbrrangeland，itiswellknownthatthisresourceprovidesthemainpartoffodder  
materialsfbrlivestockintheMiddleEastreg10n，andmaybemorethan65％of  
agrlCulturelaborfbrceisinvoIvedinrangeland・Rangelandprovidesanadditional  
incomefbrruralpeople．Weshouldkeeplnmindthatrangelandplaysan車■POrtant  
roleinenvironmentalprotection，aSWellaskeeplngthenaturalresourceandrealizing  
aclimaticbalanCe．Inourestimationofrangelandareas，Wedonotconsiderlands  
recelVlngrainfallbelowlOOmmperyears・甘ab且e3・3showsthatalmost27％ofthe  
MiddleEastareaisconsideredasrangeland，Whichisabout164mi11ionhectares  
distributedmainlyinSaudiArabiawith46％，fbllowedbyIranwith27％，Yemen  
withlO％andTurkeywith7．6％・   
（b）軋毎es紬ek   
Livestockisoneofthemainusersofnaturalresource．Asagloballevel，livestock  
makeuseofmorethantwo－thirdsofthegloballandsurfhceunderagriculture（grazing  
andcroplands），andonethirdofthetotalgloballandarea（FAO，1994）・Thesame  
authorreportedthatthedemandonlivestockproducts（meatandmilk）wouldincrease  
stronglyespeciallyinAsiaandA丘ica，Wherethedemandfbrmeatisexpectedto  
triple．FAO（1994）mentionsthattheproductivityoflivestockincreasesby2・6％，  
whilethedemandincreasesby4・4％，WhereastheprlCeSWi11bemultiple・Studiesof  
IFPRI（1995）estimatedaregionalgrowthinthedemandformeatovertheperiod  
1990－2020丘omlO4％to157％，andforcereals74％tolOO％forthereglOnOfwest  
AsiaandnorthA録ica．Theseareindicatorsofthecolossalproblemsofnutritionand  
environmentaldeteriorationduetothesehumanPreSSureS・   
IntheMiddleEastreglOn，thesituationexactlyrenectswhatisgolngOnatglobal  
scale．LivestockisanimportantsectorfbrinvestmentandinsuranCeformillionsof  
ruralpoorpeople・Except fbrthe smallGulfstates，1ivestockproductionisan  
important Sub－SeCtOr Ofagriculture，many farmerS dependlargely onlivestock  
productionforfood，additionalincomeandworkpower・Livestockisthem年一OrSOurCe  
oflivelihoodfbrthenomadicpopulation・  
ThelivestockpopulationintheMiddleEastreglOnWaSeStimatedin1990at262  
millionheads，Whereasin1980，itwasestimatedat198mi11ionheads，anincreaseof  
32％perdecade（Ta抽3．4）．Statisticsoflivestockincludemainlysheep，gOatS，Cattle，  
camels，bu肋lo，donkeys，horsesandmules・Poultrypopulationwasnottakenin  
account．  
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Table3．4  
Livestockstatisticsinthousandhead  
1976＊   1980＊＊  199b＊＊   1994＊＊＊   
SaudiArabia   4，353   6，354   12，492   11，440   
Yemen   15，057  15，155   9，620   7，820   
Kuwait   230   277   252   320   
Oman   370   526   1，219   1，880   
Bahrain   10   22   31   30   
q如訂   99   125   241   222   
UÅE   500   559   1，005   l，365   
Iraq   19，300  18，94l   13，635   12，400   
Lebanoれ   674   661   699   655   
Syria   8，313   11，493   16，507   14，300   
Jordan   1，410   1，512   l，769   2，878   
WestBank＆Gaヱa  
Tu正ey   77，829  84，200   120，934  
Iran   44，690  57，500   72，450  
Israel   705   550   550  
Total   173，540  197，875   261，404  
Sources：＊Fisher（1980），＊＊FAO（1990），＊＊＊Gilani（19卯）   
Thisincreaseoflivestockcausedseriouspressureonrangelandwithlanddegradation  
asaconsequence・Oneofthemoreimportantfbrmsofvegetationdegradationisthe  
disappearanCeOfnaturalvegetation，Whichisorlglnallypalatablespeciesforanimals．  
This phenomenonisfo1lowed bythe subsequent dominanCe Ofother herbaceous  
Vegetation，1ess palatable or unpalatable・This processleads to reductionin the  
Carrying capacity ofrangelandand soildeteriorationbytheloss ofits fbrtility．  
AnotherfbrmofthisprocessistheappearanCeOfoutcrop，CalciumSediments，gyPSum  
OrSand．  
3．4Desertificationassessment   
TheMiddleEastreglOnisfacingenvironmentalproblemsoflanddegradationand  
POSSiblydesertiRcation・MostofArabianPeninsulais録eeofperennialvegetation，  
Withmostareascontainingshi氏ingsanddunesthatareincapableofsustainingplant  
l脆・Mostofthemargina11andsinwestAsiaarepermanentPaStureSOfl・64millions  
km2，and85％ofthis surfaceis consideredin dangerOfdeserti鮎ation．These  
marglnallandsaresubiecttohumanaCtivitiesandsusceptibletoinqpproprlateland  
usepractices，SuChasovergrazlng，fuelcu鵬ngandinadequatecultivation．Asour  
COnCePtinthisstudyisbasedonhumanactivitiesasmaincauseofdeserti鮎ation，the  
extra－aridland，the highmountainsand sand dunesareaS are eXCluded丘om  
assessmentandanalysis，becauseweconsidertheseareastobepractica11yemptyof  
POPulation．   
ItisimportanttOnOtethattherearenocompletestudiesaboutthedif托renttypesof  
desertincationthatmay occurthroughout awhole country・The statistics，Which  
fbllowedinthenextparagraphs，areindicationsaboutwhatisgolngOnintermofland  
degradation，buttheydonotrenecttherealsituation・Inaddition，Wefoundseveral  
COntradictionsinthesestatistics，Whichreduceitsreliability，despltethefhctthatthese  
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statisticshavebeenadoptedbyintemationalandreglOnalorganizationslikeFAOand  
ACSAD（The Arab Center fbr the．Studies of Arid Zones and Dry Lands）．  
Nevertheless allof statisticsindicate that the m句Ority of surface undergolng  
desert摘cationinthe Middle Eastis exhibiting a moderate to severe degree of  
desert摘cation．   
3。姐Vegeせ飽鮎弧舶g訂級舶鵬om   
TheMiddleEastreg10nOnCe SuPPOrtedfbrestsinsomeplacesandwasgenerally  
Characterizedbyhighlyproductivenativepastures（Pearse，1971）・Thisn申VePaSture  
hadbeenunderthecontro且ofagrazlngSyStemknownasAl－Hima，Whichisavery  
efncientwayofenvironmentalprotection．InthisstudyweconsidertwofbrmSOf  
degradation that a晩ct vegetation，these are rangeland degradation and  
fbrest／woodlanddegradation，   
（汲）隠汲喝e温風取成d喝訂汲ぬ舶om   
Thecontinuedover－eXPloitationandovergrazlngOVerPrOlongedperiodsoftimehas  
ledtothedepletionandexhaustionofrangeland．Manyofthepalatableplantshave  
disappearedandonlya臨wsparselyscatteredarmualsandthomyandunpalatable  
Perermialspeciesremain・Thedegradationofrangelandhasdeprivedthelivestock  
SeCtOrOfinexpensiveandimpo頭antanimalfbdder，andhasledtosoilerosionand  
Subsequently to deserti鮎ation・The main causes ofrangeland deterioration that  
PerSistin the Middle East are overgrazlng，鮎ewood gatheringand marglnal  
cultivation．   
Generaily，graZlnginthe Middle Eastreg10niscarriedoutwithoutregardtothe  
carrylng CaPaCity oftheland orany COnSiderationtoitsfuture regeneration・An  
indicationofboththeavai1ableanimalfbodandtheriskofrangelanddegradationis  
the number ofgrazinganimals，Whichindicates that grazlngintensitylnCreaSed  
COnSiderablybetween1980and1990．ThisgrazingintensityisexpressedintermSOf  
numberofsheepperhectare，aSShownin甘ab且e3・5（ESCWA，1993）・  
Table3．5  
Grazlngintensityexpressedintermsofsheepperhectare  
Countries   Sheephead／hectare  
1980  1990   
SaudiArabia   0．10   0．14   
Uerrxen 0．81   0．98   
Kuwait   2．53   2．47   
Oman   1．02   2．35   
Bahrain   4．40   9．00   
暮・■   3．88   6．93   
UAE   4．41   6．97   
Iraq   3．32   2．47   
LebanOn   3．52   2．75   
Syria   1．04   1．53   
Jordan   1．22   l．66   
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甘汲ぬ且e3．6showstheaverageproductivityinkilogramperhectare丘omthedrymatter  
intherangelandofsome countries．Itis clearthatthis productivltyis smal1，and  
renectthestatusofrangelanddegradation，Whichisindicationofvegetationcover  
reduction．The same table showsthe reduction of the proportion of rangeland  
COntributionfbranimalfbeding（AOAD，1994）．  
Table3．‘  
Productivityofrangelandinkg／hectare丘omdrymatter  
Country   Rangeland   Productivity  Rangelandcontribution（％）  
Sur払ce（bectare）  kg仇ectare   1972 1993   
Iraq   3，933，000   110．0   90   40－20   
Jordan   8，500，000   79．4   87   40－20   
Syria   10，179，000   196．5   60   20   
By the study of Gilani（1997）about desertincationin Arabic countries，Which  
reviewedresultsofstudiesrelatedtolanddegradation，rangelanddegradationaffbcts  
28％oftdtallandsurfaceinSaudiArabiaらWiththeproductionofrangelandreduced  
during1986－1994，舟om700kgnlatOl13kg／ha．InLebanOnthedegradationaf托cted  
about2240hectares．InIraq200，000hectare／yearofrangelandaredegradedduring  
the decade of1970s．The same Study reported that moderate to severeland  
degradationa飴ctsmore90％ofrangelandincountries of‡raq，Jordan，LebanOn，  
Oman，QatarandSyria．InOman，thedegradationofJableDufarrangelandisnoted．  
Balba（1994）mentionedtheincreaseddegradationofrangelandinOman，andthemain  
CauSeSfbrthisdegradationareovergrazlng，fuelwoodgatheringandthemovementof  
Sanddunes，eSPeCial1yintheeasternPartneartheWahibadesert．   
InSyria，thedegradationofvegetationcoverhasacceleratedduringthelastfbwyears，  
mainlyduetohumanaCtivities．Dryfarmlngandovergrazlngarethemaincausesof  
rangelanddegradation，andtheproductivityofrangelandwasreducedby70％during  
8years・PalatableplantShavebeenseriouslyreducedorhavedisappearedinlarge  
areas，andreplacedbyunPalatablespecies，Whichhavebecomedominantinlarge  
StePPeareaS．Statisticsoflandusebetween1985and1989showedacleardecline  
（叩PrOXimately339，000hectares）incultivablelands，andincreasedofuncultivable  
land（Ilaiwietal．，1992）．   
InIraq，aSrePOrtedbyFadhilandFarr卸i（1998），theproductivityofpastureland  
graduallydeclinedasaresultofintensiveovergrazlng，Cuttingoftreesandshrubs，  
marginalcultivation，irregulardistributionofwellsandlackofgreenfeedstock，Which  
hasledtoincreasedstressonpasturesindesertareas．   
ThedisappearanCeOfpalatablespeciesandtheirreplacementbyunpalatablespecies，  
isaformandindicationofmoderateorseverevegetationdeterioration・ExamPlesof  
PalatablespeciesoccurrlnginMediterraneanCOuntriesareSdlsolavermiculata；Poa  
SinaicialSt＊abarbataandRhanterium甲qPPOSum，thesespecieswerereplaceby  
OtherlesspalmibleorunpalatableorthornyPlantssuchas肋ea，Peganumharmala  
弧ddJノわgf椚α〟用r〟椚〟．  
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（恥）『Ⅳ0¢d且臨md温血dぬ訂密S宙S鮎愈¢『孟¢訂盈鮎狐   
Asmentionedintheaboveparagraph，fbrestsoccupyasmallareaoftheMiddleEast  
reglOn，about5・7％．ForestsarefacingseriousdangerS．Infactv血ilesomeofthese  
如estsares叫iecttodeterioration，0thersarealreadydisappeared・   
Yemenisthemore a脆ctedareainterms offbrestdegradation．Al－Dubaie（1998）  
describedthe situationofwoodlanddegradationin Yemen．The evergreenbroad－  
leavedwoodlandsandthedraughトdeciduouswoodlandsarelocatedinthehighand  
mountainsareasinthewestofthecountry．MostofthenaturalvegetationinYemen  
hasbeenstronglydisturbedanddegradedandinsomeareasithasbeenreplacedby  
introduced species．Studies conductedin Tihama during1973－1992indicate that  
Acaciawoodlands showedanoticeabledecrease（20T30％）．AerialphotosonJabal  
Bura（WestemMountain）showedthatwoodlandhasbeenreducedbyanannualrate  
reachingupto4％ofthewoodlandarea．Duringtheperiod1973－1988，WOOdland  
degradationinJabalBurareachedabout60％．ThewoodlandsinJabalEraf（Taiz  
governOrate）arestronglya脆ctedbycuttings．Thestudymentionedthewoodcutting  
andovergrazlng are the main causes offbrest degradation．Studiesindicatedthat  
nearlythewholeYemen，withtheexceptionofrock，Sanddunes，SaltpanSandthe  
highestmountainpeaks，WaSatOnetimecoveredwithfbrest（Hepper，etal．，1997）．  
●● Recentstudiesshowedthattheremalnlngfbrestisnearlylessthan7％comparedto  
thefbrestsofYemeninthepast．   
ThestudyconductedbyGilani（1997）mentionedthedestruCtionofthe“Alatlasy”  
R）reStinSyria，Whichinthepastcovered300，000hectares，butnowhasbeenreduced  
tojustafbwhundredshectares．Ageneralreductionof50％of放〉reStismentionedfbr  
Syria．Thecedarfbrest，WhichcoveredalargepartofLebanOn，isnowcoverlngOnly  
Smal1patches，Whichcontainalimitednumberoftrees．Thesameauthornotinedthat  
the fbrest covering the highlands ofsouthwest SaudiArabiaand extendinginto  
SOutheastofYemenareundergolngOfdeterioration，andarereachingthepointof  
extinction．InIraqtheremalnlngfbrestbetweenTigrlSandEuphratesriversisabout  
40，000hectares．InJordan，Qudah（1998）reportedthatovergrazinginside fbrests  
duringtheyearOf1991hasledtothedestruCtionofonemilliontrees，includingsmall  
trees．ThesamerePOrtmentionsthat20－30thousandtrees，annua11yaredamagedby  
nrewood gathering，10－20thousands trees damaged byillegalcuttingand5－10  
thousandstreesbyillegalgrazlng．   
Mesopotam1a，thelandbetweenthetworiversofIraq，WaSknowninthepastas  
托Blackvalley”，OWlngtOitsorlglna11ythickandextensiveforestcover・Thesefbrests  
have，however，disappearedunderdefbrestationcausedbytheincreaseofpopulation  
PreSSureS・As aconsequence，tWOm勾OrPrOblemsappearedleadingtolarge－SCale  
degradation：Salinizationandmobilesanddunes（AbulGasimetal・，1998）・   
3．軋2S¢量且舶gra舶鮎n   
Thesoilconstitutesthetoplayeroftheearthcrust，lnWhichplantSgrOWandextend  
theirroots．The successofagrlCulture dependslargelyupon soiltype，itstexture，  
depth，StruCture，Organic matter and other environmentalfactors・Thus soil  
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degradation a鈍cts directly the agriculture sector，Whichis directly related to  
deserti鮎ation．Thesoildegradationcouldbedennedasaprocessorasastate，Which  
results丘omalowemngofthecurrentorpotentialc叩abilityofthesoiltosupport  
plantgrow血・Inthisstudy，WereCOgnlZethreetypesofsoildegradation‥Waterand  
winderosionandsalinizationwithorwithoutalkalization．   
（a）W離eramdwimd¢rOSio孤  
Soilerosionoccurswhenvegetationcoverisdisturbedorremoved，eXPOSlngthetop  
layersofsoiltotheactionsofwaterandwind・Throughoutmostofthemountainin  
the Middle East reglOnWater erOSionpredominates・Gully erosionis especia11y  
dramaticonso氏materials，Wbilealmostimperceptiblesheeterosionoccursnearly  
everywhere（BeaumOntetal．，1978）．Althoughwateractionreachesitsmaximum  
duringthewetwintermonths，theconverseistrueofthewind・Thegreateste脆ctof  
thisisftltinthedrysummer，Wbensurfacesoilsbecomedust－1ikeandsoareeasily  
transported by strong winds. 
Theworldatlasofdeserti鮎ationshowsclear1ythatmountainreglOninTurkey，eaSt  
MediterraneanCOumtries，nOrthIraq，WeStIran，SOuthwestofSaudiArabiaandYemen  
arethemosta脆ctedbywatererosion・WhilethereglOnOfArabianPeninsula，SOuth  
partofCrescentfbrtileandcentralandeastpartofIranaredominatedbywinderosion  
（UNEP，1992）・  
Mitchell（1978），inhisstudy“SoildegradationmqppingftomLandsatimageryin  
northA丘icaandtheMiddleEastM，mentionedthatwinderosionispredominantOVer  
wateractiononLandsatimages・ThereisoRenazoneoftensionwherebothwindand  
wateractionsareimportant・TheamOuntOfwinderosionisafunctionoftheclimatic，  
soilandlandusefactors．   
Gilani（1997）estimatedthatthesurfacewinderosiondegradationinArabiccountries  
ofwestAsiaisllOmi11ionhectares，andtheareaaf托ctedbywatererosionis21  
mi11ionhectares．Thisareaisincreaslnggraduallybecauseofthemarglnalcultivation  
andthemovementofsanddunetowardsagriculturalandrangelandareas・Thesame  
authorlistssomeexamPles：Qatarlost13，600hectareSbywatererosi？nWhenrainfall  
stormoccurs，Whilethesanddunecovers21，000hectares，WithmovlngratereaChes  
8m／year・InSaudiArabia，thesanddunemovementreacheslOm／year・InSyria，50％  
oftotallandisundergolngerOSion・Theamountofremoveddustinonestormydayln  
1987wasestimatedbyO．57millionton録omthetopsoil．SyrianBadiaandWadi  
K血abourbetweenDairZourandGamishlyareSeriouslya飴ctedbywinderosion・   
Ilaiwi（1992）examined the problem ofdesertificationin Syria，eSPeCia11y wind  
erosion，andreportedthatthe丘equency，durationandseverltyOfatmosphericdust  
loadsand dust stormshaveincreasedremarkablyduringthelastftwyearsinthe  
easternPartOfthecountry・TworeglOnSaremOStlyaf托ctedbywinderosion，the  
PlainsofsouthernMesopotamiaandBichriMountainandsurroundingareas・The丘rst  
areaissubjectedtomarglnalcultivationandmaximumwindspeedrangedfrom16  
m／sto27m／s，Whichisveryhigh．Theareaisflat，PermittlngthetranSPOrtOfsand  
grains，Whichaccumulateonvillagers，houses・Insomeplaces，Sandreachestoroof  
level．The gypsiftrous soils are the dominant soilsin this reg10n，andifrainfbd  
agrlCultureiscontinuouslypractisedinsucharea，Winderosionwillquicklyexpose  
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thegypsum（in quite ashorttime）．BichriMountainischaracterizedbyhighsoil  
erodibilitylnPloughedareas．Rainfbdbarleycultivationwasintroducedmanyyears  
ago，and the shrdbby coveris 
increasedremarkablyduringthelastfbwyears．Becauseofitsgeographicallocation  
anditsgeomorphologicalcharacteristics，BichriMountainisbelievedtobethem瑚Or  
SOurCefbrsandmovementandsandaccumulationintheco血y．   
‡nIraq，21％ofthetotalsurfacea蝕ctedbyerosion（Gilani，1997）．Thesanddune  
COVerS60，000hectaresincentralandsouthernIraq．TheshiftingofsandduneSand  
theincreaseofsandstormsarethemainfbaturesofwinderosioninIraq．TheMinistry  
Of‡rrigationin‡raqhasimplementedvariousprqiectstostabilize sanddunesand  
reduce theirimpact on strategic prqiects（Fadhilet al．，1998）．The same author  
mentionedtheamyconnictandeconomicsanctionashavinglntenSi鮎dtheproblem  
Of血seれi重cationinIraq．   
In Yemen，the Al－Rubu－Alkhaliand Ram1at Al－Sabatain（east of Ma’rib）are  
COnSidered areas of sand accumulation and a dangerous source of sand．The  
encroachmentofsandcanbeseeninTihamaPlais，Ma’rib，AトJaⅥ屯Hadramout，Iahj，  
Abyan，ShabwaandAトMahara．Thisphenomenonofwinderosioncoversabout4  
millionshectareandits annualrate40m／year．王nthecoastalareas ofthecountry，  
Studies（Al－Dubai，1998）indicated that sand eovers about600－950hectaresand  
threatens about2，000hectares．In the early of1970s，Sand covered about2，250  
hectaresinWadiAbeda（Ma’rib），Ⅵ血ichreachedupto9，840hectaresin1990．   
InJordan，themovementofsanddunesa脆ctstheareaslocatedeastofAトAzraqand  
theareastretchingthrough WadiArabato southofJordan．Themarginalareain  
Jordan，Whichisde負nedbytherangeofrainfallbetween250mmandlOOmm，is  
af托ctedsimultaneOuSlybywatererosionandwinderosion．Themaincauseofsoil  
erosioninthisareaisrelatedtothephysicalandchemicalcharacteristicsofsoilstype  
OCCing（Taimeh，1997）・Thewestemhighlandsareundergoingthee胞ctsofwater  
eroslOn，witharate of200tonnla／year．The studies（Qudal1，1998）mentionedthat  
Sheeterosiona飴cts90％ofZarqariverbasin，andgullyerosiona飽cts20％year・In  
JordanValley，thewatererosionreachesameanValueof415ton／ha～ear・Intheare  
ofsouthemGhour，thisvaluedecreasesto204ton／ha／year（Saleh，1971）．‡nthissame  
area（SOuthemGhour），thestudiesmentionedalossofll，000hectaresaRerseveral  
fl00dsduringtheperiodof1958－1965（Saleh，1989）・Andseverewatererosiona飽cts  
3，000hectaresofthisreglOn，Whilejust600hectaresaremoderatelya脆cted・   
（b）Sa邑imiヱa鮎n   
SoilsalinitylS mOSt Clearly seeninlowiand and riverine areas whereirrigated  
agrlCultureispractisedanddrainagesystemsareinadequate・Themqorcauseofsoil  
Salinityisthe use ofsaline groundwater．Underthese conditions，Wateris drawn  
upwardtothesurfhcebycapillaryaction，andevaporatesintotheatmosphere・When  
itdoesso，itleavesbehindanydissoIvedchemicalstofbrmasurfacecrust，OrSaline  
horizon，inthetopfbwcentimetersofthepro創e・Saltcanaisobeaddeddirectlytothe  
SOiithroughpoorqualitylrrigationwater・Eventhoughsatisfactorydrainagesystems  
PraCticed，Salinizationoccurswhentheuseofinsu捕cientwaterdoesnotpermitfu11  
1eaching．  
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Theuseofsalinegroundwaterinirrigationcouldaddtonsofsalttosoilinshorttime・  
Forexample，ifimigationwatercontainslgsolublesaltperliter，1，000m3waterin  
hectaremeanSaddingl，000kgofsaltperhectares，andafter20timesofirrigation，  
thisamountwillbe20tonsofsaltaddedtoeveryhectare（Saleh，1989）・   
Them呵OrSaltsfbundinsoilsarechloridesandsulphatesofsodium，Calciumand  
magnesium・Inaridsoils，SOdiumionstendtopresentthegreatestproblemasthey  
causethebreakdownofsoilstruCtureandagreatreductioninpermeability・These  
ions arealso toxic to most plant SPeCies when presentinlarge quantities・The  
reclamationofsalinesoilsisastraightfbrwardprocessifsu用cientwaterisavailable  
fbrleachingawaythesolublesalt，andprovidedanadequatedrainagesystemexists  
（BeaumOntetal・，1970）・   
Waterlogglng，Salinityoralkalinitya脆ctsa11irrigatedareasintheMiddleEast，and  
severalexamplescanbenoted・InSyria，40％ofirrigatedareasarea飽ctedbysalinity・  
Thesurface，Whichisexcluded魚omcultivationbecauseofsalinity，lSeStimatedat  
about3，000－5，000hectares per year・The surface af托cted by waterlogglngand  
salinityisabout366，000hectares，77％ofthissurfaceisa脆ctedbysalinity・InSaudi  
Arabia，thea脆ctedareabysalinityisestimatedby24，000hectares，90％ofthisarea  
areseverelyandveryseverelya飽cted．InOman，thesalinityofagrlCultura11and  
enfbrcedfhrmerstoabandontheirfields，andthissituationhasledtheruralpeopleto  
immlgratetOWardscities・InKuwait，aneStimated85，000hectareshasbeenseverely  
a飽ctedbysalinity．AsinQatar，113，000hectaresofirrigatedareasandrangelandare  
afftctedby salinity．The a飽cted areas bywaterlogglngand salinityinIraq are  
estimatedtobe366000hectareS．（Gilani，1997）andAbulGasim（1998）reportedthat  
●●■ salinizationinIraqlSCauSedmainlybythecontinuouslyrlSlnggrOundwatertable  
（abo血fburmetersbelowgroundsurface）andpoormanagementOfirrigation・Soil  
Salinitycurrentlya脆ctsabout8・5mi11ionhectaresor64％oftotalarablelandsurface  
inIraq・Itis reported also that20－30％ofirrigatedlands have been abandoned  
becauseofsalinization（AbulGasimetal．，1998）．   
Al－Dubaie（1998）reportedthat90％ofthelandinthesouthernPartOfthecountryis  
threatenbysalinity．ThissituationisnoticedespeciallyinWadiHadramOutandother  
COaStalareassuchasAトHodiedah，Al－Makhal1，AbyanandDawhan．   
InJordan，Qudah（1997）noticedthatthe saltcontentinJordanianSOiltypes，the  
evqporationandthesaltsbroughtbytheinadequateirrigationpractices，arethemain  
CauSeSOfthesalinityprobleminJordan．IntheJordanValley，thesoilsalinityvaries  
録omslighttomoderate，Withana脆ctedareaofabout1350hectareS．Thesalinity  
increasesinthemargina11ands，aSWellasintheJordanianBadia．StudiesofMinistry  
OfAgriculturementionedtheovergrazlng，theover－PumPlngOfundergroundwater  
andthepresenceofcementedcruStPreVentSagOOdleachingofsoil，arePrlnCIPally  
responsibleofsoilsalinityinthisparticularregion．Itisnoticedbythefieldsurveythe  
PreSenCeOfwhitelayerofsaltsinvastareaof Qa’Al－Dissi，Al－Mudaoureh，Qa’Aト  
JaftrandQa’Al－Azraq・Studies 
． 
Studiedarea（30，000hectares）isafftcted．Thesoilinthisareahasweaknessintexture  
andstruCture，andthepermeabilityislow，Whichincreasesthesalinization．  
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4。且㌘蝕ys孟e及丑ぬeぬrs⑳厨鮎se雨量鮎盈鮎皿   
Theintensityand development ofdesertification depends，nrStOfall，On Physical  
factors that can be dividedinto two groups：Climatic factors and site conditions．  
Precipitation，temPerature，windandcombinationoftheseindicesarethemain．climatic  
factors・As Wang Lixian（1995）indicates，PreCipitationinthe drylands ofChina  
declinesgradually録omtheeasttothewest，beingmostlybelow400mmperyear．But  
thereare somelocaldiffbrences，fbrexamPleinthewestemparts ofNingxlaand  
Gansu，annualprecipitationisonly50－100mmperyear．IntheTaklimakanDesert，  
theannualprecipitationisonlyabout25mm・Thisextra－aridreglOnWaSeXCluded舟om  
desert漬cationassessmentbecausethehumanaCtivitypracticallydoesnottakeplace  
here．   
Frequentstrongwindsandsanddevi1sstimulatethedevelopmentofdesertiBcation．  
EspeciallythesprlngSeaSOnisawindytimewhenwinderosionisveryactive．Tab且e  
乳量con点mstbis氏a血re．  
Table4．1  
Springwindsintotalpercentage ofannualwindsindesertincation  
PrOneareaSinHorquinandUlanQabSteppe（ZlmZhenda，etal．，1988）  
Regions   Springwinds，  Regions   Springwinds，  
弧m血percentage  annualpercentage   
Tongliao   61．71   Erenbot   49．7   
Ganqika   64．86   Jurihe   40，7   
Lubei   42．20   Darhan Muminggan 42．9   
Bayartuheshi   43．07   Shangdu   41．2 
ThesprlngSeaSOnisalsocharacterizedbysparseprecipitation．ThesameauthorglVeS  
infbrmationonprecipitationinHorquinandUlanQabSteppe（甘able乳2）．Underthese  
COnditions，thesandsurfaceiseasilyeroded．   
Siteconditionsinclude soil，Vegetation，tOPOgraPhyandslopes，andincombination  
thesefactorsdeterminetheinherentriskofdesertiRcation．ThemainpartOfthesandy  
desertislocatedin the vastinlandintermOuntain basins that containloose sandy  
deposits．Thedepthofthesedepositstota1130－400m（Wang，1995）・   
Underthe dry climate conditions thisloose materialis su切ecttolong－term Wind  
erosion．ThereareseveralephemeralriversinthedesertzoneofChina，Whichhave  
beenformed because oflow precipitation，high evaporation and quickin創tration・  
SparsevegetationconsistlngOfshrubs，Semishrubsandgrassesworsentheinl1erent  
riskofdesertincation．  
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Table4．2  
Springprecipitationinthetotalpercentageoftheannualrainfa11in  
HorquinandUlanQabSteppe（Zhuetal・，1988）・  
Regio血S   Percentage of Regions   Percentage of 
SPrlngrainfall  Sprlngrain払11   
Tongliao   11．90   Erenhot   10．9   
Kailu   10．54   SonidYouql   11．7   
Lubei   8．51   Mandula   12．9   
Ganqika   12．81   Juribe   12．3   
Naiman   11．80   Huade   12．8   
Hure   1l．40   DarhanMuminggan   8．2  
Baokang   12．40   Sbangdu   13．1   
TheYellowRiveroRenburststhroughitsdikes・Inthegreatfl00din1931，88000  
squarekmbelowIchingwere鎖00ded，andasaresultlOmillionpeoplelosttheir  
homes，and50million were directly a脆cted・Above that the river deposits  
considerableam0unt Of silt over the負elds．Untilthe present timeit has been  
impossibletocontrolthisnaturalfbrcecompletely・   
Droughtisan0therscourgeofnature・In1959－1960theprovincesHubei，Shantung，  
ShanSiandHunanhadnoprecipitationfbr200days・TheYellowRiverceasedits幻・OW  
fbr40days・Droughtsandfl00dingarenotonlytheresultsofthemonsoonclimate，but  
alsopeopleareresponsible・ThecuttingoffbrestsandconstruCtionoftheirrigation  
canals，terraClngandotheractivitiesstimulatedroughtsandfl00ds・  
Accordingto“TheNationalEcor！OmicAtlasofChina”（1994），thelandsinaridand  
semiaridreg10nShavethefollowlnglimitationsforproductionofcrops，fbrestsand  
livestock：   
Classl（nolimitations）：Paddysoil（oases），Pluvioaquissoil（plains），irrigatedfhrm  
1ands（OaSeS）．   
Class2（lowlimitations）：beach，meadowsoil（plain），CaStanOZem（valleys），ChernOZem  
（valleys）．   
Class3（moderatelimitations）：CaStanOZem（Plain），Sierozem（Plain，mOuntain），  
meadowsoil（plain），Salinizedmeadowsoil（Plain），darkloessalsoil（terrace），brown  
Pedocal（mountain），graydesertsoil（mountain，Plateau）・   
Landunsuitablefbrproduction：graybrowndesertsoil（gobi），browndesertsoil（gobi），  
SOlonchak（bareplain），takyr（bareplain），ShiRingsandysoil，Saltcrust，lowwetland．  
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穏。2評¢pⅦ且a鮎弧a組成emv塁訂⑳馳m記弧を温mC馳塁mes¢ぬis細野   
ThePeople’sRepublicofChinaisonethegreatestsuperpowersoftheworld．The  
interrelationbetweenpopulationandtheenvironment，i．e．，thepressureofpopulation  
on the environmentis the m句Or COnStraint fbr sustainable development．Further  
economicandpoliticaldevelopmentofChinawilldependupontheprogressinsoIving  
the population／environment problem．Degradation ofthe drylandsin Chinais a  
historicalprocessdocumentedfbr2000－2500years．   
PopulationinChinatotaled549mi11ionpeopiein1949whenthePeople，sRepublicof  
Chinawasfbunded．TheCommunistgovemmentdeclareda“newera”inthecountry．  
Butasknownthe“GoldenEra”inthehistoryofChinawasfburthousandyearsago．  
Population growth only stimulatedthe ecologlCalcrisis．The policy of agrarian  
radicalismproclaimedbyMaoZedongcouldnotsoIvetheecologicalproblem（Zweig，  
1989）．ByJulyl，1990，thepopulationofChinareachedl．16billion，Or21．9％ofthe  
WOrldpopulation．Fig岨re姐representsthegrowthofChinesepopulation．Thegrowth  
Ofpopulationhascontinueddespitetheintroductionofbirthcontrol．  
PopulationgrowthcannOtbeconsideredn？WaSademographicproblem・AsQuand  
Li（1994）said“populationcontrolandenvlrOnmentalprotectionaretwosidesofthe  
samecoin”．Duringthelast4000years，POPulationpressureontheenvironmentin  
Chinawasdi董龍rentindi蝕rentperiodsofhistory．ThatdemonstratesFig岨r記姐．The  
Same authors haveidentined thefollowlng Periods ofenvironmentaldegradation  
（Table軋3）．   
Kang（1986）arguedthatsince200B・C．Chinawasveryclosetoamarketeconomy  
because the countryhad countless smallproduction units－either舟eeholders or  
tenantS．Inthecourseoffurtherdevelopment，thesituationdrastica11ychangedandthe  
12thcenturywasthecruCialpoint・PopulationpressuregraduallyincreasedandChinese  
agriculture shiRed tolaborintensive fhrmlng・Overpopulation，aCCOrdingto Kang  
（1986），inducedtheadoptionofmorelabo仁intensivetechnology，Whichinturnraised  
toleranCefbroverpopulation・Hisstudyprovedthat，eSPeCiallya鮎rthe17thcentury，  
thestandardoflivinglnruralChinaworsened・   
Thesameauthorp豆blishedverylntereStingin払rmationaboutthe丘equencyofnoods  
anddroughtinthewholeofChinafbrthepast500years（甘a軸掴）・Thisinfbrmation  
wasbasedondata録omtheChineseBureauofMeteorology．  
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F畳gⅦ『e4・1PopulationgrowthandthesizeofcultivatedlamdinChinainHistoricalrestrospective  
（Quandli，1994，mOdinedbyauthors）  
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Table4．3  
ChangeinpopulationandenvironmentalinChinesehistory（QuandLi，1994）   
Sta二   Periods   Years   Representative   People   Statusof   
eS  Dynasties   （10000）  Environment   
Pre－qin  2205－  XiaandYu  1，355  
21卵B．C  Era卵   
1115－  1ⅣestZo11（KingChen）  1，37l  
1079B．C  
684B．C．  EastZhou（13thYear，  1，184   
KingZhuan）  
ⅠⅠ   qinto   221B．C．  Qin（26yearofEmperor  2，000  
WestHan  Shihuang）  Degrad血on  
2A．D．  WestHan（2ndyear）  5，959   
EastH  57  EastHan（2ndyearJi－   4，500  
to  Anwu Zhongyan reCOVery   
Sui  220－280  Three States 4，000  
606  Sui（2ndye∬OremperOr  
Yang）  3，050   
ⅠⅤ  TangtO  755   Tang（14yearofTianbao）   5，291  
Yuan   1195－1223  SeCOndary  
Quingyuan）  7，8Sl  
1290   Yuan（27thyearof   
Zhiyuan）  5，883   
Ⅴ   Mingand  1403   Ming（1StyearofYongle）   6，659  Escalated  
qingto   1651   Qing（8thyearofShunzhi）   5，300  degradation  
before   1684   Qing（23rdyearofKangXi）   10，170  
1iberation  1762   Qing（27thyearofQianlong）  20，047  
1790   Qing（55thyearOfQianglong）  30，148  
1834   Qing（14thyearofDaoguang）  40，100  
1919   RepublicofChina（8thyear）   50，600  
1947   RepublicofChina（36thyear）  54，887   
The territory of Chinais dividedinto120districts，・eaCh coverlng One Or tWO  
prefectures・Theauthorprocessedthesedatastatisticallyandfbundthatthe＆equency  
ofm句OrnOOdsinthewholecountryhasincreasedby2・50CCurrenCeSeVerytWenty  
years，COnvinclngStatisticalevidenceofworsenlngeCOlogicalconditionsinChina・The ●  
numberofmqornoodsandm呵Ordroughtsincreasedduring1870－1909・  
KangChao（1986）alsoindicatesthatasaresultofaccelerateddefbrestation，1andin  
northChinalostitsnaturalproductivitymanyCenturiesagoandbecamevu1nerableto  
noods and droughts・He says，“Farmland along the northem ffontiers gradually  
convertedintosemidesert”．Forestareasinthisreg10nShrankand丘na11ycompletely  
disappearedbyMingtimes（1369p1644）・  
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Table4．4  
Frequencyofm叫OrnOOdsandm句OrdroughtsinChinabytwenty－yearPeriods，1470  
－1909（Kar唱，1986）  
Periods   Numberofm句OrnOOds   Numberofmqordroughts   
1470－1489   91   129   
1490－1509   63   123   
1510－1529   105   157   
1530－1549   113   102   
1550－1569   143   81   
1570－1589   127   144   
1590－1609   152   90   
1610－1629   118   108   
1630－1649   124   220   
1650－1669   198   103   
1670－1689   119   128   
1690－1709   111   94   
1710－1729   100   106   
1730－1749   137   73   
1750－1769   132   66   
1770－1789   92   113   
1790－1809   109   88   
1810－1829   125   108   
1830－1849   192   99   
1850－1869   140   94   
1870－1889   177   115   
1890－1909   165   163   
4．3Lamd鮎gra舶鮎mim他emaimre騨OmSO『Chim及 ●   
AccordingtoZhu etal・（1988）deserti且cation：PrOnelandinChina total1ycover  
334，000km2，in which deserti鮎dland arealS176，442km2and theland of  
desertificationriskis158，000km2，involving212countiesin13 provinces and  
autonomousreglOnS．Theseareasinclude：Liaonlng，Jilin，Heilongllang，Hebei，ShanⅩi，  
InnerMongolia，ShaanXi，Ningxia，GanSu，QinghaiandXirtiiang．Theydistinguishthe  
fo1lowingdesert浦cationtypes：On－gOingtype（45．9％），SeVeretyPe（34．4％），andmost  
SeVeretyPe（19．7％）．   
TheleadingcausesoflanddegradationinChinaareglVenin甘ab且e軋5。  
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Table4．5  
Leadingcausesofdeserti重cation（Quand Li，1994）  
Anthropogenic factors of Percentageofdesert捕edland   
desertほ．cation   
Irrigationreclamation   25．4   
Excessivegrazlng   28．3   
Lumbering of woods 31．8   
Industrial，mines and communication   0．7  
COnSはuction   
ImprQPeruSeOfwaterresources   8．3   
Totalproportion   94．5   
4。3．1pes甜をi鮎急tiomim血ema噛m盈且zomes¢ぎexま柑・ar主舶e卵弟＄ ●  
AllaridreglOnSOfChinaarea脆ctedbylanddegradation．Themarginalzonesofthe  
TarimBasinareseverelya飽ctedbydesertincation．TheTarimBasinoccupleSthe  
areaof530，000km2，放om which338，000km2belongto extra－aridland ofthe  
TaklimakanDesert．Desertincationinthemarginalzonesis aresult ofchangeSin  
hydrologlCalenvironmentandhumanactivities．   
AccordingtoTakamuraandQong（1997）about857，000hahavebeendesert漬edby  
Winderosionduringthelas電100years．Morethan60％oftheal1uvialplainofTarim  
Riverhavealsobeendegraded．Vegetationdegradationhasbeenalsorecognizedto  
haveoccurred．Atleast285，000haofPopuluseuphraticawoodlandweretranSfbrmed  
to a realdesert．Severe aridization has af托cted the surrounding territories ofthe  
TaklimakanDesert．In1921，theTarimRiverchangeditscourseandnowedtotheold  
LopNurLake，andthesizeofthelakegrewto200，000ha．Butin1972，thelake  
disappearedbecauseofdecreaseofwaterrunofEGroundwaterlevelslowered録om3・  
5minthe1950sto8－10minthe1980s．Manyyearsago，WaterintheTarimRiver  
WaSfiesh，Withamineralconcentrationbeinglowerthan1g／l．Butnowthqwateris  
＆eshbnlythreemonthsayear，andduringtherestoftheyearisbrackishorsalt－1aden・  
TheTsaidamBasinoccupleStheareaof270，000km2・Itisahugecon鮎edbasinwith  
extremelydryclimate，PreCipitationbeing200mminthehigh1andand20mminthe  
Center・Thepopulationissma11，tOtaling271，700people，andthecultivatedareais  
38，200ha．Atthepresenttime，therateofexploitationofwaterresourcesis15・8％in  
thewholearea，Whiletheutilizationrateofundergroundwateriscohsiderablylower，at  
justl．6％．In spite ofthis，SOme farmland have been su旬ect to secondary soil  
Salinizationbecauseoftheriseofgroundwaterandpoordrainage・Manydistrictshave  
beenforcedtoceasecultivationbecauseofsecondarysoilsalinization（Liang，1997）．   
軋3。2鮎eom舶町SO豆且＄盈且豆m泣盈鮎m孟mar孟d豆m且盈n舶孟Ⅴ¢訂ぬ5孟ms  
47   
Irrigatedsoilsinaridriverbasinsareunderthedoubleimpactofhumanactivityand  
theecologicalenvironment・Inarti触al1ycreatedoases，naturalecologlCalsystemsare  
replacedbyman朝adeagriculturalsystems・SuchlargescaleTeClamationhascaused  
thedestruCtionofnaturalvegetation・DataonsecondarysoilsalinizationareglVenin  
Table4．‘．  
Table4．6  
SecondarysoilsalinizationinsomeinlandriverbasinsofChina  
（WangandCheng，1997）  
Rivers   Salinizedsoil  見出iotototal  Cultiv如edsoil，km2   Ratio o total  
甜ea，km2   1and，％  Cultivatedsoil，％   
Shiyang   2098．81   4．98   295．37   11．54   
Heibe   1584．21   2．27   256．73   10．75   
Shule   4713．64   4．57   273．21   21．70  
● Unlmql   796．80   5．65   275．02   19．24   
Theareasofsalinizationandvegetationdegradationarerapidlyexpandedinlower  
reaches．Inordertoeliminatethenegativeenvironmentalchamgesof；itisnecessaryto  
promoterationalutilizationofwaterresourcesinwholeriverbasins・  
4．3・3‡Jamdd喝rada鮎弧i弧Hua‡昭一HⅦ免i一斑aip且a塁阻  
Thisplain，alsokn0wnaSthreeriverplain，COVerSanareaOf350，000km2，With18  
millionhaofarableland・Populationtotals200millionpeople・Inthisagricultural  
reg10n，arePrOduced20％ofgrain，57％ofcotton，17％ofoiland14％ofmeatforthe  
WholeChina（Tian，1997）・   
Theclimateofthereg10nismild・Precipitationvariesinthearea丘om400to600mm，  
buttheamualvariationisverylarge・Cultivationofthem印OrityofcropsrequlreS  
irrigation・Thepresentsituationregardingwaterresourcesneedsimprovement・During  
thepreviousperiod，aCertainam0untOfwatercouldbetranSfbrredfromtheBigCanal・  
ButbecauseoftheshortageofwaterintheYellowRiver，thiswatertranS克rwas  
stoppedin1980・Inrecentyears，theYellowRiverdriesuplnSPrlngSOthewater  
availablefbrtranSfbrislimited．   
Additionalproblems exist，in particular，declining water tablelevelsand soil  
salinization．Groundwatertableshavedroppedatarateoflmperyeartothepresent  
35－55m，mOStnaturallakes，SuChasNingiinboandDaluzehavedriedup・   
4●4Eeologie払柑i組Ster孟m且oesspla仕組ⅦS   
Theecologicalsituationinloessplateauscanbecharacterizedascatastrophic・Loess  
landscovermorethan500，000km2，COmPrlSlngOneOfthemostimportantCulturaland  
agriculturalregi？nSOfChina・Kolb（1971）callstheloessplateaus“thecradleof  
ChinesecivilizatlOn”・PopulationdensltylnSOmeareaSislOOOpeopleperlkm2・  
Irrigationschemesintheva11eysoftheWeiHoandtheFenHoextendbacktothe  
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SeCOndmilleniumB．C．MostprecipitationoccursinsummerastorrentialdownPOurS．  
Erosionisveryrapid，andintheWeiHoareasome150milliontonsofloessare  
annua11y washed away．Specialterraced重elds have been construCted to prevent  
erosion．Theirrigationareahasmorethandoubledsince1952．   
Eckert（1998）whovisitedtheareain1998describedtheecologicalsituationinthe  
reg10n．NaturalvegetationcoversonlylO％ofthetotalarea．Since1949，theeroded  
landareaincreasedby30％．Windscarrysomuchdustthatvillagerso氏enhavelunch  
bythelightoflantemS．Thedisastrousco11ectivefarmlngOfMaoZetongworsenedthe ●  
Situation．ThelivingstandardofpeasantSisverylow，theirincomebeingonly ＄20per  
yearperperson，SomostareinvoIvedinadailystruggleto創1theirstomachs． 
Undersuchecologicalandsocialconditions，Onlyextraordinarymeasurescanimprove  
thesituation．ThegovernmentofChinahasreceivedaユoan倉omtheWorldBankfbr  
af払restationinShanxIPrOvinceandinthreeotherprovincesoftheplateaus．   
尋．5馳0摘a酢¢gWa舌¢rreS¢髄訂ee＄   
Shortageofwaterresourcesisdiscussedinmanyp豆blicationsofChinesescientists．  
Waterisnotonlyavaluablenaturalresource，butalsoanimportantecologicalfactor  
becauseofthedryclimateanditspropensity放）rdesert脆cation．FengandCheng  
（1997）describedthe situationofwaterresourcesinGansuprovince．Inthisregion  
Water reSOurCeS are distributed unevenly throughout the territory．The seasonal  
distributionofwaterisalsoveryuneven：drylnSPrlng，幻00dinglnSummer，Water  
Shortagein autumnand waterlessin winter．Butthe existing water resources are  
misused．Muchwateriswastedbyirrigation．Thewaterutiiizationfactorisverylow，  
incanals，itisO．3％－0．45％．DesertinedlandareaSintheprovincetotal2．7％．About  
50％offhrmlandisa飴ctedbysalimization．TheoutputofagrlCulturalproductshas  
decreasedby30％．FengandCheng（1997）havecalculatedthede抗citofwaterfbr  
鮎turedevelopment（Tab且e軋7）．  
Table4．7  
ShortageofwaterresourcesintheGanSuPrOVinceinfuture，1xlO8m3  
（FengandCbeng，1997）  
Waterdemand  Industry   2．10  
Agriculture   72，30  
Forestry and grassland 6．00  
Population and animals 0．94  
City   0．10  
0thers   0．05  
Total   81．49   
Watersupply  Sur払ceruno仔   51．36  
Groundwater   24．00  
Total   75．36   
Shortage  6．13   
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Water andland resources ofChina as a whole are also very uneven．The water  
resourcesoftheYangtZeRiverbasincomprise80％ofChina’stotalyetitrepresents  
lessthan40％ofthearableland．ButrunOffoftheHuangheandotherriversinthe  
northamOunt Only6．5％withalmost40％ofthe arableland．To addressthese  
PrOblems，theidea of a South－tO－North Water Transfbr Prdect（SNWTP）was  
SuggeSted，鮎stinthe1950s・SpecialstateagenciesofChinawereinvoIvedinan  
integratedsurveyandputfbrwardapreliminarydesignfbrtransfbrringwaterresources  
tothenorth（FigⅦre軋2）・Thearmualtotaltransftrablewaterquantitywouldbemore  
tban50billionm3．   
Butasyettheprqiecthasbeennotrealized．SomeChinesescientistssaythよfurther  
StudylS needed to better understandtheimpact of the water transfbr on the  
environment．Lui（1997）hasdevelopedthreescenariosoftheenvironmentalchanges．  
Thetransfbrofwaterresourcesmayinduceanannualtemperaturechangeofl．80OC  
OVerVaStareaS．   
Thelessonsofthepastshouldbealsotakenintoconsideration．Asknown，COnStruCtion  
OftheKarakumCanalinCentralAsiacausedthedryinguptheAralSea．VastareaSin  
CentralAsiahave been transfbrmedinto zones ofecologlCaldisaster．The second  
grandioseprqjectoftranSfbrofSiberianriverstoCentralAsiawasdevelopedduring  
the rule of L．Brezhnev，bl且tit was never realized．Andthe second ecological  
CataStrOPheinCentralAsiawasthusavoided．  
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C斑AP甘藍鼠5  
1ⅦONG①山丑A   
5．且Ⅳ盈紬訂払盈飽免紬訂e＄   
MongoliaoccupleSanareaOfl，566，500km2，OfⅥ血ich14・6％belongtothearidzone・  
ThecountryislocatedintheheartofAsia・Highmountainsrangesisolatethecountry  
倉omtheinnuenceof－theAtlanticandthePaci丘cclimates．TheclimateofMongoliais  
SeVereCOntinental・TheSiberiananticyclonedeterminesthelowtemperatureinwinter，（－  
45OC）andalsothelowprecipitation（FigⅦ訂e5。且）．ThetemperaturelnSummerCanVary  
録om300Cduringthedayto5OCatnight．The40yearsclimaticcyclesthathavebeen  
describedbymanyscientistscanbealsodividedinto20－yearCyClesandwithinthemll－  
yearcyclescanbeidentined（Kharin，etal．，1992）．   
Jenkins（1974）hasident摘edthelong climatic cyclesassociatedwiththe activityof  
glaciers（厨ig随rC5。2）．Theperiodbetweenl175－1300A．D．wascharacterizedbylow  
temperaturesandhesupposedthattheconquestsofChinggisKhanwerestimulatedbya  
longandseveredroughtandcoldwinterwhichcauseddzhut（thelossoflivestockinthe  
desertduringdryandcoldyears）．Duringthelast60years，dryperiodswererecorded  
SeVeraltimes・Theyears1940，1949and1950wereespeciallydry．ForexamPle，SOme8  
millionlivestockdiedinMongoliain1948．Severedroughtalsooccurredin1986－1987．  
AccordingtotheforecastsbyKharinetal．（1992），theperiodofyearsthrough2010will  
becomparativelywet．Butevenduringthisperiod，droughtisexpectedtooccurinsome  
yearS・   
Concern1ngPhysicalfactors，thestrongwindscauslngSOiierosionshouldbementioned  
here．Strongwinds（Withthevelocityof20m／secandmore）arecommoninspringand  
Summer．ThesewindduststomlS，Whicharerealdisastersfbrpeopleandanimals．The  
numberofdayswithduststormSisindicatedin甘able5・l・  
Table5．1  
ThemeannumberofdayswithduststormSinthearidzoneofMongolia（Kharin，etal．，  
1992）   
Stations   Months  
March   April   May   
UlangOm   0．0   1．8   4．0   
Khovd   2．4   4．1   3．6   
Ulyasutai   0．2   1．5   0．7   
AltaiKheer   1．1   3．3   1．3   
Arval馳eer   0．6   1．3   0．7   
DalanDzagad   1．4   3．9   3．3   
MandalGobi   2．2   3．8   3．6   
SainShand   2．1   4．1   4．2   
ZamynUud   6．2   12．5   4．2   
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alprecipitationinMongoliainrr皿P．avrenko，1978）  
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3  
F豆guFe5・2Ⅵ山ationofmeanannualtemperaturesinthenorthofChina・  
A汀OWSShowtheperiodsofglacieractivitiesinthenorth  
Hemispもere（Jenkins，1974）  
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GeographershasdividedtheterritoryofMongoliaintotwotypesoflandscape，uSlngthe  
localgeographicalterms：   
KhingaiNtheterritorylSrichinwaterandhasgoodgrazlng・   
Gobi－thedesertlandswithsandy，StOnyOrgraVelsoil，POOringoodgrazlnglands  
andforest．   
ThedrylandsofMongoliaarelocatedingobi（thislocaltermisthenamegiventothe  
Gobidesert）・Murzaev（1948）andsomeothergeographershavesaidthatitisnotatrue  
desert，itisratheradesertsteppebecauseitcontainsanabundanceofshallowwellsand  
COmParativelyrich vegetation，eSPeCially during the wet years・Plant eCOloglStS  
（Lavrenko，1978）indicatedthreemainfactorsthatcomplicatedistinguishingthedesert  
andthesteppeinMongolia・Theyarethefbllowlng：  
1・Spec摘c免aturesofMongoliandesertandsteppedif勤entfromthatinother  
aridreglOnSOfEurasia．  
2・Mountaintopography  
3・Continentalclimateandvariationsinannualprecipitation．   
Some400plantspecieshavebeenrecordedintheGobidesert・Perermialsodfbrm1ng  
grassesareCOmmOnherelikeSt＊aglariosq SgobicaiS orientalisandCleistogenes  
SquarrOSa・SeveralspeciesofAllium，uSedbypeopleasfbodplantSarealsofbund．A．  
mongolicumandA・PO炉r7DJZumfbrmmightyrootsinmanyplacesoftheGobidesert．   
Anabasis brev拘Iia，SbLsola passerianalNdnqphyton erinaceum are common  
ChenQPOdiaceaespecies・Insandyandgraveldesed，助lowlonammodbnd［on（knownn  
CentralAsiaassaxauL）formdensethickets，WhichareヲeVerelycut放）rfuel・mtrarla  
SibiricaandCdllLgonummongolicumarethemainco－domlnantSOfsaxaul．Thebushesof  
Nsibiricawithaheightofl・5mfbrmCharacteristiclandscapefbaturesintheseareas．  
The Conpositae spe？ies are also very common，eSPeCiallyArtemisiaPigida A・  
XerqPhyticaiA・arenarlaandA・PeCtiana・Thedistributionofthese speciesismainly  
determinedbytheintensityofrangelandutilization．   
5．2Soeialamdpoli鮎a且ぬc紬rsofdese雨量鮎如ion   
ThemountainrangeSmentionedabovehavehistorica11yservedasphysicalandpolitical  
barriersthatfosteredthepoliticalandculturalisolationofthecountry・Historically，the  
MongoIswerealwaysnomadsandlivedinyurta（ftlttents）．Accordingto Groum－  
Grzhimailo（1933），theexpanSionofdesertsinAsiaafterthe7thcenturyA．D．was  
COnneCtedtotheactivitiesofnomadicpeoples・Butwehavealittleinformationtoday  
abouttheinterrelationbetweenthenaturalenvironmentandthesoc10POliticaleconomy  
duringthatperiod・Suchecologicalrelationshipscantellusabouthistoricalchangesin  
MongolianStePPe・Przhevalsky（1883），WhotraveledinMongoliamorethanlOOyears  
ago，SaidatthattimeallsuitableagrlCulturallandswerereclaimedandallgrazlnglands  
WereOVerloadedbylivestock・Clearly，desertificationisahistoricalphenomenon，andnot  
aphenomenonlimitedonlytothepresenttime．  
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Wedonotknowtheactual茄guresfbrthepopulationinMongoliabefbre1918．The  
availablestatisticsglVeninT組b風位5．2showthatduring1918－1990，thepopulationofthe  
COuntrylnCreaSednearlythree－fbld・BeingasatelliteoftheUSSR，thecountrydeveloped  
theeconomyrapidlybecauseofthehelpof”theelderbrothern．  
Table5．2  
ThepopulationgrowthinMongolia（Kharin，etal．，1992）  
Years   Population，thousand   Populationdensity，  
Personsperlkm2   
1918   647．5   0．41   
1925   651．9   0．42   
1936   738．2   0．47   
1940   738．6   0．47   
1944   759．2   0．48   
1950   845．5   0．54   
1956   758．7   0．48   
1960   936．9   0．60   
1963   l，017．1   0．65   
1969   1，197．6   0．76   
1970   1，230．5   0．ウ9   
1979   1，596．0   1．02   
1980   1，639．7   1．05   
1卵8   2，074．0   1．33   
Themodeoflifbchanged，manyPeOPlele銑yurtaandconcentratedaroundUlanBator  
andinprovincialanddistrictcenters．Nowabout25％ofthepopulationliveinUlan  
Bator，thecqpitalofthecountry．ThepercentageofthepopulationlivingintownShas  
Changed as fbllows：1919－9．0，1956－21．6，1969－44・0，1986－50・0・In1990，  
POPulationgrowthreached26・8personsperlO，000habitantS・DuringthesamePeriod，  
thenumberoflivestockincreased2．3times（Tab温e5．3）．  
Table5．3  
ThenumberoflivestockinMongolia（Kharin，etal．，1992）  
Years   Numberoflivestock，thousandheads  
Camels   E-Iorses Cows   Sheep   Goats   Total   
1918   22臥7   1，160．5   1，078．4   5，700．1   148．9   9，645．6   
1924   275．0   1，339．8   1，512．1   8，444．8   2，204．4  13，776．1   
1961   75l．7   2，889．3   1，637．4  10，981．9   4，732．6 20，392．9   
1970   638．5   2，317．9   2，107．8  13，311．7   4，204．0  22，574．9   
1980   59l．5   1，985．4   2，397．1   14，230．7   4，56臥7  23，771．4   
1985   559．0   1，971．0   2，408．1   14，429．8   4，2粥．6   22，∠ほ5．5   
TheMongoIsthemselvescalltheircountryas”thecountryofnveanimals”・Usuallyeach  
nomadhadaherdconsistingof且veanimalspecies：horse，COW（oryakinmountain  
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regions），Sheep，Camelandgoat．ThisherdcompositionevoIvedthroughexperienceof  
many generations ofpeople（Kharin，1997）．There were three mainreasons丘）rthis  
StmCture：   
1・Eachanimalhadaunlquefunctioninthenomadiclifb，   
2．Di脆rentamimalsprovidedthenomadswithdif托rentproducts，   
3．EachanimalconsumeditsowntyPeOffbrage．   
Thelastreasonwasharmfu1＆omtheecologicalpointofviewbecauseithasledtosevere  
exploitationofgrazlnglands．GoatsareresponsiblefbrgreatdamagetOdesertvegetation  
asaresultoftheirpro茄ciencylnClimbingupanddowntOgetanykindoffbrage．   
MongoliannOmadsalsodevelopedaspec摘csystemoftranshumanCeinthedesert．Asa  
ru1e，threeorfburfhmiliesconsistingofcloserelativesmovetogetherasonegroqpof  
yurta（馳arin，1991）・Thatwassocalledsur－ajointcamPing苧rOuPOfnomads・Their  
movementlastedthewholeyear，andthey changedthe camPlngPlaces5－6times  
annual1y・Incaseofseveredroughtorcoldwinter，theylivedontheprlnCiplesof＝a  
Pnmitivecommunism”，inwhichfbodwasdividedequa11ybetweenallmembersofthe  
COmmunity・Insuchaway，nOtaSlnglepersonbutthesurasawholesurvived．   
Duringthe“period of socialism”sur was conserved by being tranSfbrmedinto a  
PrOductiveunitofcollectivefarms（kolkhoz）．Oneofthegreatestachievementsofthe  
MongolianPeOPleistheirabilitytosurvivenotonlyundertheconditionsofdryclimate  
butalsotheirabilitytoadapttoseverecommunistsystem．．．   
Inrangemanagement，theproblemofwatersupplyhasalwaysbeenpresent・InMongolia  
SPeCialmeasuresweretakentoimprovethewaters叩Plysystems，eSPeCia11yinthearid  
ZOne．Twotypesofmeasuresweretaken：  
1・Conservationofexistingwellsandprotectionofa1lotherwateringpoints．  
2．ConstruCtionofnewwells．   
ThepresentstatusofwateringdesertrangelandsisglVeninFigure5。3．OnecanSeethat  
thesouthandtheeastpartsofthecountryarepoorlyprovidedwithwater．   
Thehardsuぬ・CeOftheGobidesert，eXCePtthesolonchakandsandyareas，PreSentnO  
Obstaclestothemovement・Ofcars andlorries・Drivers canSelectthebestwayfor  
movement，andintheprocessdestroytheplantcover・Ingeneral，about500thousand  
hectaresofproductivegrazlnglandsweredestroyedbyafteemovementoftranSPOrtation  
vebicles．   
5・3Ⅰ〉egraぬtぬmof七ぬed町且am鮎   
DesertrangelandsarethedominantlandcovertypeinthearidzoneofMongolia・Small  
PatChesofcultivatedlandoccupyverysmallareasandinthisbooktheywerenottaken  
into consideration・Sovietand Mongolian SCientistsimplemented a prqJeCt On  
desertincationassessmentandmapplngln1986－1990・Accordingtothepublished  
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resultsofthisstudy（Kharinetal．，1992，馳arin，1997），themainthreetypesofland  
degradationwererecognizedinMongolia：  
1・Degradationofthevegetativecover（25％ofthedrylandswereprone  
tothistypeoflanddegradation），   
2・Waterero戸ion（37％ofthedrylands），  
3・Winderos10n（18％ofthedrylands）．   
Mongolianand Soviet scientists have developed severalmeasuresforimprovlngthe  
rangemanagementSySteminMongolia．Fromthesemeasures，theworksonconstruction  
OfwellshaveapracticalimportanCe・Somesuccessfulexperimentsonpasturemelioration  
havebeenalsoconducted．HoweverwidepracticalchangesinthegrazlngSyStemhave  
beenvirtuallyimpossiblebecauseofthevastareasofgrazlngland，thelackofmoney，  
SeVerePhysicalconditions，anddominanCeOfthetraditionalwayofthinking・Theused  
nomadicsystemofgrazlnghasproventobethemostadaptivesystem・Butsoonerorlater，  
thissystemcanleadtolanddegradation．   
5・3・1Degradationofthevcgetativecover   
Overgrazlng，Cuttingtreesandshrhbsfbrfuelarethemainreasonsofthisdegradation．  
Byroughestimationsome700－800thousandtonsofwoodiscutinthearidzoneof  
Mongoliaamually・Abovethat，theMongoIsuse，forheatingandcooking，a聯l（dried  
excrementsofanimals，mainlythatofcows）．TheunpleasantWOrkofcollectingand  
StOringargalisperfbrmedbyoldpeopleandchildren・Theremovalofthisorganicmatter  
録omthenaturalcyclinglneCOSyStemSisundesirable負・OmaneCOlogicalstandpoint，Since  
itpromotesdeserti丘cation．   
Areasofdegradedvegetationhavebeenformedaroundpopulationcentersandaround  
Wells・Thenumberofdistrictcenterstotal145inthearidzone・Byroughestimationthe  
Sizeofdegradedrangelandsaroundthesecenterstota1200thousandhectares．Andother  
400thousandhectaresofdegradedrangelandsarelocaiedaroundnumerOuSdesertwells．   
Threezonescanbeusuallyidenti鮎daroundthepopulationcenters：  
1・Thezoneoffullydegradedgrazlnglandwhereonlynon－Palatableplantsgrow・  
2・Thezoneofmoderatedegradation，Wherenon十palatableplantSrePlace  
dominantSPeCies．Productivityofthislandreducedone一重氏horone－SeVenth．  
3・ThezoneofslightlydegradedlandwhereproductivityreducedbylO－30％．  
Localizeddeserti負cationisthenrststageofthevegetativecoverdegradation．Inthe  
SeCOndstage，theseparateareasjointoformlargeareasofdegradedland．  
5．3．2Winderosiom   
Destructionofvegetationinsandydesertcontributestothedevelopmentofwinderosion．  
Askn0wn，thevelocityofwindandthewindregimedeterminestheintensityofthewind  
erosion・Forwindvelocityv＞6m／sec，Sandparticlescanbeblownaloft，andclay  
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particlesstarttheirmovementbyv＞10m／sec・Fourstagesofwinderosionareidenti鮎d  
inMongolia：  
1．Erosionhollowswithgentleslopesoccupylessthan10％oftheerodedarea，  
2．SteeperosionhollowsoccupylO－20％oftheerodedarea  
3．Steeperosionhollowsoccupy20－30％oftheerodedarea，  
4．Fu11destructionoftheplantCOVer，mOVementOfsanddunesonthewholearea．   
SandduneareashavebeenappearedinvariouspartsofGobi．Usuallylivestockherdsare  
concentratedintheseareasbecausetheycommonlyseekprotectionamOngthedunes－  
Consequently，theareaofsanddunesisenlarged録omyeartoyear．   
5．3．3『Ⅳ乱せererosiom   
Watererosionhasbeenobservedon37％ofthedrylandsofMongolia．InmanyPlaces，  
thistypeoflanddegradationiscombinedwithdegradationofvegetationandbysmall  
scalemapplngitwasverydifnculttodistinguishthem・WatererosioninMongoliais  
mainlyanatural，butnotamanmadeprocess．Theerosionnethasbeen氏）rmedbyso－  
cal1edsair －drychannelsandgullies．InthearidzoneofA録icathesefbrmationsare  
knownasoudorwadi．   
Drychannelsarefbrmedundertheactionofheavyrains・Basedonneldstudies，the  
fo1lowinggeometricfbrmsofthesedrychamelscanbedistinguished（F豆gⅧre5。4）：  
1・Separatesair，SeVeralhundredmetersinlengthandO・5－3・Omindepth・They  
arecommonintheBowloftheBigLakesandonpiedmontplainofthe  
MongoIAltai，  
2．Para11elsair，Whichhavebeenfbrmedonpiedmoniplainsandreachseveral  
kilometersinlength，  
3・Multiplesair，theyhavebeenformedinthe魚rststageoffbrmationofproluvial  
depositsandreachO・7－1・5mindepth，  
4・Thistypeofsairisusua11yconnnedtoalluvialfans，beingO・7－1・5min  
depthand4－6minwidth，  
5．Sdirofthistypearecommononpiedmontplainsandinhillycountry・These  
drychannelshavegentleslopesandflatbottoms・  
6．Dendriticsair3yStemhasthemainchannelandsidewashes・Theyareformed  
oncomparativelynatplainsandonpiedmontplainsoftheGurvanーSaikhan  
Mountains．   
Thedensityofchannelscanbeusedasaquantitativecriteriumfbrwatererosion・For  
slightwatererosionthelengthofthedrychannelsislessthan0・51inearkmperlkm2，for  
moderateerosion，0．5－1．5andforsevereerosionl・5－3・0・Ifthedensityofsairismore  
than3・Olinearkmperlkm2，thelandisunsuitable fbranykindofhumanaCtivities  
without special protective measures. Cutting vegetation can only exacerbate the 
R）rmationoftheerosionnet．  
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椚gure5・4ThemaintypesofsairinMongolia  
（Seetheexplanationinthetexり  
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C雄AP甘藍汲応  
A厨G斑AN耳S甘AN，㌘A監耳S甘AⅣAⅦ瓦討取耳A   
応．且Des¢『せ鼠鮎温故i¢弧⑳『他¢d曙且払汲ds¢釘A短払a孤塁sせam   
Af帥anistanisacountrylocatedintheheartofsouthCentralAsia・ItoccupleSanareaOf  
652．225kn2，Withapopulationtotaling15．50millionin1979（SenGupta，1986）・  
Afghanistanisapastoralcountry．0nly12％ofthelandisarable，andonly29％ofthe  
arablelandwascultivatedbeforetheSovietintervention．Them往IOrityofthepopulation  
livesintheruralareas，themodeofli免isapeasanttribalsocietythatdeterminesthe  
Patriarchalcharacterofthiscommunity・Approximately2mi11ionpeoplearenomads  
（Murtaza，1981）．Butthe current，reliable負guresonpopulationandeconomy ofthe  
countryareunknownatpresenttimebecauseofalongwar，Whichhasbeencontinulng・  
A new type ofland degradation－War deserti丘cation，lS a Characteristicfeature of  
A短hanistan．Asaresultofthewarnourishingoasesweredestroyed，agrlCultural茄elds  
Wereabandoned，gardensandtreeplantationswerecutandthesocialin免■aStruCturein  
VaStareaSWaSCOmPletelydestroyed．ThreemillionpeopleimmlgratedtoPakistan，a  
halfmi11iontookrefugeeinIran，andahalfmillionwereki11edorwounded（SenGupta，  
1986）．   
● Theclimate ofthe countryis dryandsubtropical．The meantemPeratureinJulylS  
between24－320C（beyondthehighmountains）．Winterintheplainismild，witha  
meantemPeratureinJanuaryOf8－100C．ThemaximumPreCipitationoccursinwinter  
andsprlngaSareSultofcyclonicactivities．40－50mmofprecipitationfa11inthe  
SOuthernPlain，and200－250mmintheinteriorhighlands（T温b且e6．1）．  
Table‘．1  
ClimaticindicesofthearidregionsofAfghanistanandPakistan（Petrov，1973）  
Stations   Temperature，OC．  Precipitation，  
mm  
JanuaⅣ   May   Amual  
A短hamisねn  
Herat   2．0   30．5   16．4   201   
Kandagar   5．5   31．5   18．9   192   
Girigul   8．5   33．5   20．7   168   
Pakisね皿  
Mushkichah  40   
Chanlan   6．3   31．5   19．2   180   
Dalbandin  123   
TheSeistanDesertisoneofthemainaridreg10nSOfAfghanistan．AccordingtoPetrov  
（1973），theclimateofthisregioniscontinental．Theannualprecipitationis50mm．  
Wintermonths（December，JanuaryandFebruary）arecold，thedaytemperaturefhlls  
belowthezero・AirhumiditylSVerylow，insummerusua11ylessthanlO％．Insummer，  
ahotwindoccurs，thiswindiscalled“Sado－BistoruZ”，Whichmeans“thewindof122  
days”．Duringthisperiodthedaytemperaturerisesto43－450C．  
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Thenorais steppeand deserttype・Ⅹerophytes（milkwetch，Acantholimon，Alhαgi  
persarum，Rhzinia）are dominantin theinterior plateaus・lnthe desert thereis  
wormWOOdandsalt－marShvegetation，SaXaulandqphemeraegrowinthesands．Inthe  
Parapamisus，therearesparseJunlPerandpistachiotrees，andinthenorthemfbothill  
plains，therearesubtropicalplantCOmmunitiesofgrassesandherbs・Forestcover17，300  
squaremiles・Theygrowmainlyintheeastempartofthecountryandonthesouth  
slopes ofthe Hindu Kush. 
Droughts，Which occur periodica11yin Af帥anistan，facilitate the proeess of  
deserti鮎ation．Forexample，inearly1970s，aSeVeredroughtcompe11edmanypeasant  
familiesinruralareastomortgagetheirlandforloanS．Debtsandmortgagesresultedin  
aheavyalienationofland（Glukhoded，1981）・Wheatisthemaipstaplecrop，alsocom，  
barleyandricearecultivated・CottonbefbrethewarwasalsoanlmPOrtantCaShcrop・   
Accordingtostatistics，30％ofirrigatedfhrm－landsweresalinizedbeforetheSoviet－  
Afghanwar．Ontheareaof42millionha，30millionheadoflivestockweregrazed・  
OvergrazlngWaSOneOfthecausesofdesertincationinaridreg10nSOfAfghanistan  
（Zon㌣，etal・1984）・Inseveralplacesnomadicstockraisingiscombinedwithmixed  
fhrmlng・Historica11y，thisprocesshasbeenreversible・SurvivalofnomadsindryyearS  
dependedonactivityonwhichtheycouldfa11back・Livestockincludessheep，Cattle，  
goats，donkeys，horses，Camels，buffalowandmules・   
Accordingto Sayed Murtaza（1981），land degradationintheinland SiestanDesert  
becameaSeriousproblem・BefbretheSovietinterventioninthisarea，212・000hainsize，  
15．000hawereirrigatedand52，000hawereusedforgrazlng・Aspecialprqiectwas  
proposedtocombatdesertincationinthisreglOn，butitwasnotimplementedbecauseof  
militaryoperations．   
6。2Deser電i鮎如iono甘地ed野鼠and＄¢富野a揖sぬm   
FromthetotalareaofPakistan，80．4millionha，aridandsemi－aridlandsoccupy68．3  
millionhawiththepopulationmorethan55million・Aridandserpi－aridr弓g10nSOf  
PakistanincludetheTharDesertandtheThalDesert．TheTharDesertoccupleSanarea  
of300．000km2，Ofwbich120，000areinthestateofR年iastan，India（Petrov，1973）・  
Thesedesertsarelocatedinthevasta11uvialplainoftheIndusRiveranditstributaries・  
Thealluvialplainhasahomogeneousextensivesloplngterrain，brokenbyravinesalong  
rivers．Intheplain，SierozemandgrayishbrownSOildominate・TheTharDeserthasa  
sandysoil，andintheintermOuntaindepressionofBal頑StanSandydesertsoilaltemate  
withsolonchak．TheThalDesertislocatedinthePakistanPartOfPur豆ab・Sandydesert  
landscapesandsavannahareCOmmOnhere・   
Theclimateofthesedesertsisdryandcontinental・Summerishot，butwinterisrather  
cooIwiththetemperaturesometimesfallingbelowthezero・Climatedatafbrthese  
reglOnSareglVeninTab且cs6・且amd甘ab且c6・2。  
65   
Table‘．ヱ  
ClimateindicesofthedesertsofIndostan（Petrov，1973）  
Stations   Elev如ion  Temperature，OC  Precipitation，  
abovethese  tl  
1evel，m  
JanuaⅣ   May   Annual  
TheThar  
Jeikobad   56   14．6   35．2   27．0   92   
Heiderabad   29   17．5   34．2   26．0   179   
Bikoner   245   14．7   33．3   26．4   292   
Hanlpur   99   13．3   25．8   25．7   164   
Sukkur   74   13．8   30．1   26．8   94   
TheThal  
Multan   128   13．6   34．6   25．3   182   
Inthe TharDesert，XerOPhytic shrubsarecommon，mainly CalligonumandAcacia  
species．IntheIndusplain，WheredeserトIikesavannal1ismet，therearecommonSt如  
splendid Artemisia species andAstragalus species・TugalVegetation consisting of  
thicketsofshrubsoccursinplacesoftheIndusdeltaandalongtheseacoast・   
IntheIndusvalley，1andhasbeenirrigatedsinceanCienttimes・Cropsaregrownfbr  
spring（Rabi）and fall（KhariりharveStS・The鮎st categoryincludes wheat，gram  
（chickpeas），barleyandoil－bearingplants・Rice，COttOn，SugarCaneandcornbelongto  
KharifharveSt．Milletisthechiefcroponthedryagriculturelandsinaridandsemiparid  
reglOnS・   
Intheareaof20millionha，about4．5millionhavepoordrainage，theyareproneto  
salinizationandwaterlogglng．Irrigationwaterisconductedby42canals，60，000kmin  
length．6．5mi11ionhaofirrigatedfarmlandsaresu切ecttosalinization・Wheat，barley，  
maize，Oil－beanngplantsandsugarcaneareCultivatedonthesessoils．   
Ra茄qandTariz（1983）describetherainfedcultivationandwe11－irrigatedcultivationin  
fbothi11country．Summer CrOPPlngis oflimited extent because of high  
evapotranSPirationandthedamageofsandblasts・Gram，muStard，barleyandwheatare  
grownuslngSummerPreCipitation．Butdryfarm1nglSunreliablebetween160H200mm・  
Welトirrigatedagricultureispracticedincomparativelylimitedareas．Theproductivity  
OfagriculturalcropsinPakistanislow（Table6．3）．  
Table‘．3   
UnachievedproductivityofcropsinPakistan，Puniabprovince（Kobayashi，1989）  
Crops   Farmlevelyield  Recommended  Unachieved  
（kg／ha）   1evel（kg仙a）   potential（％）   
Wheat（irrigated）   2，717．5   3，913．5   44．0   
Rice（Basmati）   2，239．0   3，320．6   40．7   
Rice（Ⅰ汀ig－6）   4，135．2   5，646．2   36．5   
Groundnut   1，655．5   2，536．5   56．2   
Maize   2，125．0   3，754．0   76．7   
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GrazlnglSPraCticedincomparativelysmal1areas・Rangelandhasahighanimalpressure，  
WhichishigherthanthecarrylngCaPaCity ofthisland・LivestockralSlnglSnOta  
Slgni且cantcomponentoftheeconomy・Mostanimalsareused払rdra氏・‡naridreglOnS  
thereisnomadicherdingofsheepandcamels．   
Thecampaigntoincreaseagriculturalcropproduction（SOCalled“GreenRevolution”）  
Startedinthelate1960s，butithasn’tcompletelysoIvetheproblemofsatisfyingfbod  
needsorcountry．   
応。3 Dese即せ畳鮎級繭¢mO甘地e通野鼠認mdso厨亙m適温汲   
痘。3．且N汲紬訂組且蝕馳せⅦreS汲mdpop随温風鮎孤   
Indian drylands occupy the west reg10nS Ofthe country．These reglOnSinclude the  
territorywithprecipitationlessthan400mm・Thedrylandsarethemainpartsofthe  
fbllowlng fbur states：Pu‡肩ab，Hariana，R勾astanand Gdarat．The distribution and  
timingofprecipitationdependsupontwomon讐OnS：thesouthwest（JunetoSeptember）  
andnortheast（OctobertoDecember）．ThemalnPartOftheselandslayinthezoneof  
meanannualtemperature25－270C．AccordingtoSocialandEconomicAtlasofIndia  
（1987），themaximumtemPeratureinR再astanis450C．，andminimum17OC．   
Dataofpopulationintheabovemerrtioned放〉urStateSareglVenin甘ab且e6．4．  
Table‘．4  
TheareaandpopulationoffourstatesofIndia  
（ASocialandEconomicAtlasofIndia，1987）   
States   Area，km2  Populatbn，   Populationdensity，  
thousand．   Personsperlkm2   
Pu亘帥   50，362   16，789   201－300   
Haryana   44，212   12，912   201－300   
R毎astan   342，239   34，261   51－100   
仇由血   196，024   33，985   101－200   
Populationgrowthis thebiggestprobleminIndia．Itistheresultofcombinedactionof  
traditions，naturalandsocioeconomicfhctors（Tab且e6．5）  
Table‘．5   
Populationgrowthin‡ndia，thousand（ASocialandEconomicAtlasofIndia，1987）  
States   195ト1961   196ト197l   1 1－1981  198ト1991  199 －2000  
（Prqjection）   （Prqiection）   
Countryasa  78，147   108，925   137，025   152，000   148，000   
whole  
Pu両ab   1，975   2，416   3，238   3，000   2，300   
Haryana   1，917   2，446   2，886   3，600   2，400   
R毎astan   4，185   5，610   8，496   10，300   11，300   
G房甜at   4，300   6，065   7，388   6，900   5，500   
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After1920，1iftexpectancyinthecountrylnCreaSedbecauseofimprovementofliving  
conditions．LifeexpectanCyhasbeenextended：in1921－20（years），in1940q32，in  
1961－41，in1981－－51・LifbexpectanCybythetumofthecenturylSeXPeCtedtobe65  
yearS・   
痘．3．2私見取成d附加pm¢犯せ組成dese頭i鮎a壷om   
InthewesternR再astan，the fbllowlnglandusetypes dominate：irrigatedcropland，  
rainfedcropland，rangelandandfbrest・Inallfburstates，Cultivatedareasareshownin  
Table‘．‘．  
Table‘．‘  
Cultivatedareasin1981－1982，thousandhectareS  
（ASocialandEconomicAtlasofIndia，1987）   
States   Total   Cultivatedarea  ％n tcultivated  Area   ％area  
reporting  area to total under   underfbod  
area  reportedarea   Food  grain to 
grain  grOSSCrOP－  
pedarea  
Net   Gross  
Pu頭ab   5，033  4，210  6，．929   83 6   4，996   72．1   
H∬yana   4，405  3，660  5，826   83．1   4，342   74．5   
R毎astan   34，234  15，577  18，596   45．5   13，026   70．0   
Gl再出訂   18，826  9，670  10，903   51．4  4，743   4 ．5   
Note：Netareaisthetotalcultivatedarea．Grossareaisnetareaplusareacultivated  
morethanonceayear．   
Animalhusbandaryisalsoavitalpartoftheruraleconomy．Dataonlivestocknumber  
aregiveninTablc6・7．  
Table‘．7  
NumberoflivestockandpoultryinfourstatesofIndia，thousandheads  
（ASocialandeconomicAtlasofIndia，1987）  
States   Ca恍1e   Bu飽lo   Sheep   Goat   Otlner Poultry   
1ivestock  
Pu頭ab   3，320   4，110   498   722   355   5，540   
Haryana   2，442   2，940   542   519   461   1，403   
R由astan   12，896   5，072   9，938   12，307 1，146   1，590   
仇由血   6，006   3，473   1，592   3，084   251   3，426   
Cattleand bu飽loin particular are the main source ofdra免powerin agrlCultural  
OPerationsandruraltranSPOrtation・LivestockdensltyPerOnehectareofarablelandis  
ratherhigh：in HaryanalOhead／ha，inRqjastan5head／ha，inGt肩arat3head／ha．   
According to the published map（Singh，et al．，1992），the fbllowing types of  
desertincationhavebeenidentinedinWesternR毎astan：Winderosion／deposition，Water  
erosion，Salinity／alkalinityandwaterlogglng・TheseverltyClassesidentinedareslight，  
moderate，SeVereandverysevere．  
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According to classi鮎ation ofNRSA（NationalRemote Sensing Agency）ofvast  
CategOryOfIndianlandisde蔦nedaswasteland．Wastlandinciudestheland，Whichat  
PreSentisnotused，Orland，Whichi＄nOtbeingusedtoitsoptlmumPOtentialbecauseof  
variousconstraints，Orland，WhichcammOtbeused．Thesizeofwastelandinfburstates  
OfIndiaisglVenin甘汲払且e応鳳  
Table6．＄  
ThesizeofwastelandinfburstatesofIndia，thousandhectares  
（ASociaiandEconomicAtlasofIndia，1987）  
States   Cultivable  Nonculti－  
vable  
Salt   Gullied or  Wa‡eト  Undulated  Forest  Sandy  
af臨cted  raVlneOuS  logged  b anks  areaOr  
Or  desert   
marshy   
Pu亘匝b   123．1  45．0   4．0   2．2 177．8  
Ha∫yana   69．4  25．9   12．4  166．1   59．6   
R由astan   62．9   915．9   28．4   1，067．0  14．4  9，798．0   1，062．0   
朋l－t■t  2，061．0   316．0  837．8  38．0   58．7   
Wastelandisdividedintotwocategories：Cultivableandnon－Cultivable・InR叫jastanand  
Gttiarat，1argeareaofcultivablewastelandwasrecorded．But録omthiscategory，Salt－  
a飴ctedland，gulliedlandandwaterloggedlandcanbe onlypartiallyconsideredas  
desertinedland．ForestblanksorjhumaretheresultofhumanaCtivity Uhummeans  
Shi氏ing cultivationpractice）．As to the vast sandy area，this categoryis aphysical  
attribute，andonlyincaseofhumanactivitycanthislandbetransfbrmedtodeserti且ed  
land．Non－Culturable wastelandincludes barrenland，SuCh as rock outcrops，Which  
CannOtbeusedinagriculture．   
Theshortageofrainfhllisveryproblematic氏）rtheruralpoor．Smal11andholdersdonot  
haveaccesstosourcesofreliableirrigation．Annualnuctuationsinrainfallalsohavean  
importantnegativee脆ct．ThefoodsituationinIndiainmid－1960swastheresultof  
COnSeCutivedroughtyearsandlowproductiveagrlCulture．ThegovemmentOfIndiahad  
toobtainfbodaid丘omabroad，nrStOfall録omtheUSA．Aidwasacceptedwitha  
COmmitmenttotreatproductionandgrowthaspr10ritygoalsoftheagrarianPOlicy・  
Kohli（1987）studiedthepovertyinIndia，eSPeCiallyinruralcountry．Hepublisheda  
veryinterestingtableaboutthedistributionoflandsizeholdingsinIndia（Table6・9）・   
Informationaboutthenumberofthe rurallandlesswasnotincludedinthistable．The  
same author glVeS mOreinterestlng data，PreSented herein Table6・10，Which  
CharacterizesthelevelofpovertylnruralcountryOfIndia・   
Thepercentageofthepoorinruralcountryhasnuctuated，butitdoesnotreflectany  
cleartrendovertime・Thatsupposes，lnSPiteofagrlCulturalreforms，theproportionof  
peopleliving underthe conditions ofabsolute poverty has neitherincreased nor  
decreased．  
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Table‘．9  
DistributionofoperationalholdingsinIndiabysizegroups（Kohli，1987）  
Sizeof  1961－1962，％  1970－1972，％  
holdings，  
aCreS   
Numberof  Area   Numberof  Area   Numberof－  Area  
Holdings  Operated  Holdings  OPerated  holdings  OPerated   
＜2．5   54．80   5．93   39．07   6．80   60．30   9．20   
2．5－5．0   15．91   10．86   22．62   12．32   16．40   14．90   
5．0－10．0   14．87   19．63   19．80   20．70   12．90   22．60   
10－15   10．51   30．30   13．99   31．17   8．10   30．40   
＞25．0   3．01   33．28   4．52   28．95   2．20   2．80  
Table‘．10  
RuralpovertyinIndia（Kohli，1987）  
Years   Percentageofruralpopulationinpoverty   
1956－1957   54．1   
1957－1958   50．2   
1958－1959   46．5   
1959－1960   44．4   
1961－1962   38．9   
1962－1963   39．4   
1963－1964   44．5   
1964－1965   46．8   
1965－1966   53．9   
1966－1967   56．6   
1967－1968   56．5   
1968－1969   51．0   
1970－1971   47．5   
1973－1974   46．1   
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C雄A野甘阻汲7  
CONCLUSすON   
D寧Sertincation，beingaglobalprocess，isoneofthemosturgentecoIogicalproblemsin  
Asia．Droughtsand over－eXPloitation ofnaturalresources arethe main causes of  
deserti鮎ationinAsiaandareexacerbatedbytheinherent鉦agilityofaridecosystems・  
We have compiled adeserti鼠cation map ofAsiaand have calculated the size of  
degradedareas・ThemapplngOfdesertincationhazardsindrylandsofAsiashowsa  
totalareaof9，804，700km2asbeings豆切ectoflanddegradation・Figur¢7。且（COVer  
page）showsthedeserti鮎ationmapofthedrylandsofAsia，Whichisareducedsize  
versionofthe且nalmapproductofthisresearch・Amqpofthe負nalproductisattached  
tothisbook．   
Tab且e7．1a，7．1b，7．2an超甘ab且c7．3summarizethestatisticalresultsofourresearch．  
Fromthesetables，WeCanCOnCludethefo1lowlng：   
Therangelandareasoccupyabout81・56％ofthetotalarea，fbllowedbyIrrigation  
agricultureand dry agriculture，Which occupyrespectively7・18％and6・89％・The  
forest／woodlandareasoccupy4．17％ofthetotalarea（T盈b且c7・且a）・   
The results録om desertiBcation mapplng by type ofland degradation shows that  
vegetationdegradation，With58．97％oftotalarea，OCCuPleSahighrankofimportance・  
WinderosionbecomessecondinrankofimportanCeWith25．43％ofthetotalarea・  
WatererosionandsalinizationhaveqpproximatelythesamelevelofimportanCeWith  
7．73％and7．18％respectively（Tab且c7・2）．   
Vegetationdegradationa飽cts78．13％oftheR）reSt／woodlandareas，Whilethea飴cted  
aueaofrangelandis68．72％（Table7．且b）．Butasrangelandoccupiesmostofthetotal  
Studyarea（81．56％），thee飽ctofvegetationdegradationismoreclearhere．Vegetation  
degradationtouches5・46millionkm20frangeland，W最chconstitutes94％ofareas  
a飴ctedbyvegetationdegradation（Table7・3）and55．72％ofthetotalarea（Tab且e  
7．1b）   
Thestatisticsshowthat55．64％ofdryagrlCultureand26．15％ofrangelandissu切ectto  
Winderosion（甘ab且c7．1b）．Comparingtotheareaaffbctedbywinderosion，83％ofthis  
areais assignedto rangeland（Tablc7・3），Whichalso represents21％oftotalarea  
（Table7．且a）．   
DryagrlCultureisthemostsu切ecttowatererosion，With44．36％and12．43％ofdry  
agricultureandfbrest／woodlandsrespectivelyaf稔cted（Tab且e7。且a）．Ifwecompareall  
areasaf托ctedbywatererosion，thedegradationofrangelandappearsmoreimportant  
thanOtherlandusetypes，Withapercentage of53．78％ofareas a舵ctedby water  
erosion，fbllowedbydryagriculturewithavalueof39．53％（甘地丑e7。3）．Relativesto  
thetotalarea（9．8millionkm2），rangelandanddryagricultureareinthesameorderof  
importanceregardingwatererosion，Withpercentagesof4・16％and2・80％respectively  
（甘aわ且¢7。且a）．  
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Alltheimgatedagricultura11andisfacingaproblemofsalinization・Theirrigated  
agricultural1andconstitutes7．18％ofthetotalarea（甘認随温e7。且a）．Thesalinizationof  
driedupseanoorinthisstudyisrelatedtotheAralSea；itisimportantheretolinkthe  
Saliniza扇onproblem withthe recession ofAralSeashoreline．Thephenomenonof  
recessionoccursalsointhecaseoftheDeadSea．   
Theanalysisofseverityofdeserti重cationbyla皿dusetypeinAsialeadstothefbllowlng  
remarks：   
Theactualfbrest／woodlandareasarethemostinnuencedbydesertincationandmaybe  
considered to bein a dire situation．About66．07％ofthe fbrest／woodlamd areais  
undergolng SeVere tO Very SeVerelanddegradation，and32・45％offbrest／woodland ◆  
areashas amoderate degreeofdesertincation（甘認ぬ且e7。且b）．This situationmaybe  
explainedbythefhctthatitisverydifnculttoreclaimorrebuildtheforest，andthe  
reversibilityprocesstakesalongtime．Wenote触）mtheliteraturethatthereisalarge  
knownarea，Whichhadbeenconsidered丘）reStandnowadaysISCOnSideredasrangeland  
Orbareland．Therateofdeserti風cationisveryhigh．   
Theseverityofdesertはcation氏〉rrangelandislessthanthatoffbrest／woodland．About  
50．45％ofrangelandhasamoderatedegreeofdesert摘cation，and24・16％hasaslight  
degreeofdeserti鮎ation（甘汲抽7。且ぬ）．Thissituationsuggeststhatitisstillpossibleto  
enhancetherangelandthroughacarefullandmanagementandreclamation．   
Theseverityofsalinizationinirrigatedagricultureiscomparabletothesituationfbr  
rangeland．Thedi脆renceisintheextensionoftheproblem・   
The m毎ority of dry agriculture（60％）generally exhibits a moderate degree of  
desert摘．cation，Withanadditiona136．82％showlng aSlightdegree ofdeserti丘cation  
（甘払b且e7．且b）．ThismeanSthatthedegradationofdryagricultureisstillundercontrol，  
Whichgiveshopesforcommumitiestoundertakerehal）ilitationofdryagricultureland．   
Wealso want to discuss severalspecinc fbatures ofthe deserti丘cation processin  
di脆rentcountriesofAsia．   
CentralAsiarefbrsto a specinc geopoliticalreglOnthatincludestheformerSoviet  
Republics ofthe USSR．The newlyindependent countriesinheritedtheproblemof  
desertincation丘omthepast．ConstructionoftheKarakumCanalandthedryingupof  
the AralSeatranSformed the territories ofthese countries to averitable ecological  
CataStrOPhe zone・The situationwas aggravated after1991whentheformer Soviet  
Republicsbecameindependentstates・TheKarakumCanalhasbeen創1edwithsiltand  
increaslnglywasbeingsha1low，becausetheadministrationofTurkmenistandoesnot  
havemoneyformelioration．   
TheMiddleEastcountrieshavetheirownPrOblems・Asknown，OneOfthecradlesof  
humanCivilizationwaslocatedinthisreg10n・IrrigationagrlCulturewasdevelopedhere  
fburor且vemillermiaago・Fromahistoricalperspective，desertincationunderliedthe  
downfa1lofancientemplreSinMesopotamia・Atpresenttimedegradationofpastures  
and soilsalinization areurgentproblemsinthese countries・Wealthycountrieslike  
SaudiArabiaandKuwaitcanreclaimlandfbragrlCulturalproduction・Incaseofneed  
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theycanpurchase永）Odabroad・Butpoorcountries，likeJordanandYemen，Su脆r鮎m  
theeffbctsofdeserti鮎ation．   
Chinaalsohasalonghistoryoflandreclamation・Butaccordingtohistoricalsources  
thecountryWaSClosedtomarketrelations 2，000yearsago・Sincethe12thcentury  
povertyln Chinaincreased because ofpopulation growth・This processis being  
continuedinspiteofspecialmeasuresonbirthcontrol・Themainpartofpopulationin  
aridreglOnOfChinalivesinpoverty．Aswasmentionedinthisbook，aPrqiectonwater  
tranSfbr敵omsouthtonorthisnowbeingdevelopedinChina・Realizationofthisprqject  
mayinduceanewecologicalcatastropheinChina・  
A帥anistanisacountrywheretheⅥ㌣desertincation（anewtypeoflanddegradation）  
destroyedagriculture・ThewarcontlnueS，SOtherehabilitationofproductivelandis  
impossible．   
● Desert摘cationinIndiathreatensthelivingconditionsofthepeopleinruralreglOnS  
where46．1％ofpopulationliveinpoverty・ThesituationinPakistanisnotanybetter・  
MilitaryclashesbetweenthesetwocountriestookplaceoftheendofMay1999・Such  
conflictscouldonlyaggravatetheecologicalsituationinJammuandKashmirprovinces・   
DuringseveraldecadesMongoliawasasate11iteoftheUSSR・Theequilibriumbetween  
nomadic society and desert was destroyed during this period. These pastoral 
communitiescanSurviveunderseverephysicalconditionsonlyiftheyrehabilitatethe  
traditional range management system. 
Deserti負cationisnotonlyaneCOlogicalproblem，butalsobringssocial，eCOnOmicand  
politicalproblem・hternationalagencies，nationalgoverrmentsandlocaladministration  
needin丘）rmationaboutthesizeandthedegreeofdesertiBcationtoplanmeaSureSOn  
landrehabilitation．   
InternationalConvention to Combat Deserti且cation recommends the creation of  
monitoringsystemfordeserti鮎ation・Ourdeserti鮎ationmapISanrStStePtOWard  
monitoringatareg10nallevel・Compilationofdesertiticationmapsoflargerscalesis  
thenextstep．  
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Ap野C孤適量ⅩA Explanationofthelegendfbr“DesertificationMapofthe  
DrylandsofAsia”  
甘組払且eA。且Desertincationclasses  
Number  Deserti頁cation   Datavaluesinthe坑1eof   Area   A陀ain％  
Class   desertほcationmap   （km2）  
FVl   ‖  
2   FV2   12   61，765   0．63   
3   FV3   13   257，333   2．62   
4   FWl   21   6，041   0．P6   
5   FW2   22   32，198   0．33   
6   FW3   23   12，521   0．13   
7   FEl   31  
8   FE2   32   38，563   0．39   
9   FE3   33  
10   RVl   41   1，636，595   16．69   
RV2   42   2，634，915   26．87   
12   RV3   43   1，191，224   12．15   
13   RWl   51   86，021   0．88   
14   RW2   52   321，795   3．28   
15   RW3   53  
16   REl   61   190，582   1．94   
17   RE2   62   1，026，945   10，47   
18   RE3   63   861，628   8．79   
19   RLl   71   7，363   0．08   
20   RI」2   72   27，206   0．28   
21   RL3   73   12，258   0．13   
25   DWl   91   32，405   0．33   
26   DW2   92   251，114   2．56   
27   DW3   93   16，232   0．17   
28   DEl   103   216，432   2．21   
29   DE2   102   155，130   1．58   
30   DE3   103   4，477   0．05   
31   AIl   111   191，697   1．96   
32   AI2   112   337，378   3．44   
33   AI3   113   175，240   1．79   
34   SSl   12l  
35   SS2   122   10，335   0．11   
36   SS3   123   9，307   0．09   
Total  9，804，700   100．00   
Noせe：Thefb1lowlngClassesdonotexistinthedesertincationmapofthedrylandsof  
Asia：FVl，FEl，FE3，RW3andSSl．  
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甘ab温eA。2Classesexcluded敵omassessment  
Number  Classname   DぬValuesin血e且1eof  Areaim％   
desertifrcation map 
Bogs   514   0．02   
2   Solonchak   2   121，568   5．72   
3   Bareland   3   113，091   5．32   
Stonesur払ce   4   4，249   0．20   
5   Mountains   5   401，148   18．87   
6   Movingsands   6   290，286   13．鱒   
Extra一∬idland   7   1，194，563   56．20   
Total  2，125，419   100．00  
Exp且am如iono富加se雨i鮎温血mぬsses；  
Thedesertincationclasses arenameduslngthree characters，the鮎stcharacter  
syrhbolizesthelandusetypeunderassessmentasshownin甘臨地A。3，thesecondand  
thethirdcharacterssymbolizethetypeoflanddegradationasshovmin甘a抽A。4・  
甘油1eA．3Symbolizationoflandusetypes  
Land use type Symbolusedfor  
desertificationclasses   
Forest／woodland   F   
Rangeland and meadow R   
Dryagriculture   D   
Irrigationagriculture   A   
Dried up sea floor S 
TableA．4Landdegradationtypes  
Landdegradation   Slight   Moderate  Severe and very 
type  SeVere   
Degradationof  Vl   V2  V3   
Vegetationcover  
Watererosion   Wl   W2  W3   
Winderosion   El   E2  E3   
Salinizationof  Ⅰ2  Ⅰ3   
irrigatedsoil   
Waterlogging of Ll  L2  L3   
rangeland  
Salinizationofdried  Sl  S2 S3   
useanoor  
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甘a恥且eA。5LegendfbrRegiomalmapofthedrylandsofAsia  
Classname   Datavaluesinthe重1e  
of Dryland map 
Semi－aridland   201   3，040，189   25．49   
Aridland   203   7，294，219   61．14   
Extra－aridland   206   1，194，563   10．01   
rvdountains 209   401，掴8   3．36   
Total  11，930，119  100．00   
Note：Theclasses“Extra－aridlandandMountainsinthislegendrepresentthesame  
areasofthesameClassesglVenby甘a払且eA．2．   
M諷謬＄e汲温e：   
Amapscaleof”desert摘cationmapofthedrylandsofAsia”whenweoutputina  
Waythatthehorizontalsizeofthemapwillbe81cm：   
Mapprqjection：PlateCarrie  
Nominalscalel：10，000，000   
Actualscalevariesatdi飽rentlocationsasfb1lowsduetothemapprdection：   
Thehorizontalscaleonthe50degreeNlatitudeline：1：8，390，996  
Thehorizontalscaleonthe40degreeNlatitudeline：1：10，000，000  
Thehorizontalscaleonthe20degreeNlatitudeline：1：12，266，816  
Theverticalscaleonlongitudelines：1：13，010，304  
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